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ABSTRACT 


RCA  Astro  Electronics  Division  under  Contract  Number  N00014-69-C-0245, 
sponsored  by  the  Geography  Branch  of  the  Offiee  of  Naval  Research  (ONR), 
conducted  a  field  experiment  to  verify  a  theoretical  approach  toward  remote 
sensing:  of  sea  surface  temperature  using  passive  microwave  radiation. 

There  is  a  correspondence  between  the  radiometric  temperature  of  sea  water 
and  its  thermometric  temperature.  This  correspondence  is  influenced  by  the  hori¬ 
zontal  and  vertical  emissivity,  the  incidence  angle  at  which  the  radiometric  measure¬ 
ment  is  made,  contaminants  on  the  water  surface,  and  by  the  sea  surfa  e  roughness. 

This  experiment  addressed  itself  to  two  questions. 

I  Can  one  measure  the  vertically  and/or  horizontally  polarized  radiometric 
emissions  from  the  sea  water  a  ad  obtain  an  accur  ate  measure  of  the 
thcrmometric  temperature 

IT  Can  one  also  make  a  determination  of  the  sea  state  from  such  measurements 

Radiometric  measurements  of  sea  water  temperatures  were  made  from  a  site 
on  the  Chesapeake  Bay  during  July  and  August  1969.  The  bulk  of  the  measurements 
were  m  -de  at  a  frequency  oi  16.  5  GHz. 

The  following  conclusions  are  drawn  from  an  analysis  of  the  data  collected 
during  these  measurements. 

I  There  is  a  correlation  between  the  thermometric  temperature  and  the 
vertically  polarized  radiometric  temperature.  In  this  particular 
experiment  a  sea  state  invariant  angle  was  observed  to  fall  in  the  zenith 
angle  range  of  103°  to  114°. 

II  There  was  no  observed  correlation  of  thermometric  temperature  with  the 
horizontally  polarized  radiometric  temperatures. 

IE  While  theoretical  considerations  •  trongly  indicate  that  the  horizontally 
polarized  radiometric  temperatures  she.'  a  have  a  strong  dependency  on 
so:  state,  no  definitive  trends  were  found  in  iX  measured  data. 
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SECTION  II 


INTRODUCTION  AND  SUMMARY 


A.  Introduction 


RCA  Astro  Electronics  Division  under  Office  of  Naval  Research  Contract  Number 
N00014-69-C-0245  conducted  an  experiment  to  verify  a  theoretical  approach  of 
remote  sea  surface  temperature  sensing.  The  passive  radiometric  radiation  from 
the  sea  surface  is  partially  dependent  on  the  thermometric  temperature.  The 
vertically  and  horizontally  polarized  components  oi  the  radiation  can  be  measured 
separately  and  from  these  measurements  it  should  be  possible  to  derive  the  thermo¬ 
metric  temperature.  Passive  microwave  measurements  were  made  with  a  micro- 
wave  radiometer  from  a  site  on  the  Chesapeake  Bay.  The  analysis  and  results  of 
these  measurements  are  presented  in  this  report. 


Remote  sensing  of  ocean  surface  and  subsurface  features  is  of  interest  to  a  large 
number  of  ocean  and  marine  users.  Scientists,  meterologists,  engineers,  fisher¬ 
men  and  commercial  shippers  all  have  requirements  which  makes  remote  sensing  by 
aircraft  or  satellite  economically  practical. 


Measurement  of  ocean  surface  roughness,  i.e.  sea  state,  surface  temperature, 
biological  growth,  current,  floating  objects  and  pollutants  has  been  shown  to  be 
possible.  Fish  schools  leave  characteristic  oily  patches  and  other  patterns  which 
aid  in  their  detection.  Kelp  beds  and  algae  blooms  have  been  detected  by  radar  and 
infrared  photographic  techniques.  Mapping  of  sea-ice  distribution  has  been  achieved 
by  aircraft  and  satellite  observations-  Ocean  currents,  thermal  distribution,  mud 
and  silt  deposits  and  movements,  saline  and  fresh  water  distribution  in  deltas  and 
estuaries,  and  atmosphere-sea  interaction  are  of  interest.  These  also  may  be 
measured  or  inferred  from  remote  observations. 


These  remote  observations  may  be  made  by  a  number  of  methods.  To  date  the 
bulk  of  aircraft  and  satellite  observations  have  been  made  with  photograpme  and 
infr'ared  techniques.  Other  techniques  are  available  including  active  and  passive 
radar  and  microwave  radiometry.  Microwave  radiometry  has  been  shown  theoretically 
capable  of  performing  as  a  competent  sensor  for  many  of  the  aforementioned  applica¬ 
tions.  Aircraft  tests  have  proven  feasibility  with  existing  equipment.  Microwave 
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radiometers  have  flown  on  earth  orbiting  and  planetary  exploration  spacecraft. 
Microwave  radiometry  has  the  capability  of  seeing  through  cloud  cover,  and 
frequencies  can  be  chosen  where  the  atmospheric  absorption  is  low.  These 
advantages  provide  all  weather  day-and-night  capability  in  remote  sensing.  This 
experiment  used  a  radiometric  receiver  and  the  passive  microwave  radiation 
from  the  sea  to  determine  sea  surface  temperature. 

Environmental  scientists  and  meteorologists  have  demonstrated  that  long 
range  weather  prediction  and  determination  of  the  atmospheric  and  oceanic 
circulation  must  treat  the  total  fluid  envelope  of  the  earth,  air  and  water,  as  a 
continuous  physical  entity.  The  transfer  of  momentum,  mass,  and  heat  through 
the  sea-air  interface  is  the  key  process  whereby  the  oceans,  as  storehouses  of 
heat  and  moisture,  influence  longer  term  atmospheric  circulation  changes;  the 
atmosphere,  in  turn,  drives  the  ocean  currents  and  mixes  the  upper  layers  of 
the  sea. 

An  important  parameter  in  the  description  of  these  vital  dynamical  and  physical 
processes  is  the  sea  surface  temperature.  It  delineates  the  heat  sources  and  sinks 
at  the  ocean  surface  and  hence,  the  regions  of  moisture  and  heat  flux  within  the 
atmospheric  boundary  laye  r.  This,  in  turn,  influences  low-level  atmospheric 
stability  and  bears  heavily  on  the  occurrence  of  cloudiness  and  the  development  of 
weather  systems  over  the  oceans.  To  an  oceanographer,  knowledge  of  sea  surface 
temperature,  provides  a  means  of  locating  and  tracking  ocean  currents  and  regions 
of  upwelling  and,  as  such,  is  an  additional  input  to  the  definition  of  the  three-dimen¬ 
sional  ocean  circulation  and  its  seasonal  variation.  In  addition,  sea  suriace  tempera¬ 
tures  mark  surface  water  anomalies  such  as  eddies,  ocean  fronts,  estuary  effluents, 
plankton  blooms,  and  extensive  areas  of  seaweed.  The  biological  reflections  of 
sea  surface  temperature  seen:  to  account  for  the  importance  of  these  data  to  the 
fishing  industry.  Sea  surface  thermal  anomalies  have  also  been  found  to  be  asso¬ 
ciated  witr  underwater  volcanic  eruptions. 

Currently,  sea  surface  temperature  data  that  are  routinely  available  are  con¬ 
centrated  along  the  heavily  travelled  shipping  routes  of  the  North  Atlantic  and  North 
Pacific  Oceans.  Extensive  areas  of  the  Northern  Hemisphere  and  essentially  all 
of  the  Southern  Hemisphere  have  very  sparse,  if  noi  nonexistent,  regular  coverage. 
For  many  of  the  Navy*  s  and  ESSA1  s  needs,  full  global  sea  surface  temperature 
data  are  required  from  one  to  tour  times  per  day.  The  Navy' s  mission  is  clearly 
a  global  one.  Sea  surface  temperature  data  are  vitally  needed  to  forecast  the 
temperature  structure  of  the  thermoelime  and  the  many  aspects  of  sound  propagation 
throughout  the  oceans.  Global  sea  surface  temperature  data  are  an  integral  require¬ 
ment  for  the  World  Weather  Watch,  now  being  implemented  by  all  the  member  — 
nations  of  the  World  Meteorological  Organization. 
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Earih  orbiting  satellites  have  proven  themselves  to  be  efficient  platforms  for 
frequent  observations  of  all  of  the  earth’  s  surface.  Indeed,  ea^.h  TIROS  Operational 
Meteorological  Satellite-  is  capable  of  viewing  all  of  the  earth’ s  surface  twice  each 
day.  It  would  be  most  desirable  to  place  a  sensor  for  observation  of  sea  surface 
temperature  on  these  satellite  platform  to  provide  vital  data  to  environmental 
scientists.  Soipe  experimental  sea  surface  data  have  been  obtained  from  TIROS 
and  Nimbus  weather  satellites  usi:  g  infrared  sensors  operating  in  the  major 
atmospheric  window  at  wavelengths  from  8  to  12  microns.  However,  infrared 
sensors  are  severely  limited  h  their  capability  to  view  the  earth’ s  surface  from 
space  in  that  almost  all  clouds  are  opaque  lit  this  part  of  the  spectrum.  Thus,  the 
earin' s  surface  can  be  seen  only  in  cloud-free  areas.  The  cloud  cover  pictures 
from  TIROS  have  shown  us  that  this  would  be  a  severe  limitation  over  the  oceans; 
the  earth  is  indeed  a  cloudy  planet.  Some  high-level  cirrus  clouds,  being  composed 
of  ice  crystals,  are  partly  transparent  to  infrared  radiation,  but  their  effect  at  any 
given  time  or  piece  could  not  be  known,  and,  therefore  the  col  lection  necessary 
1c  determine  the  actual  radiance  from  the  sea  surface  could  not  be  known. 

The  problems  of  viewing  the  earth  in  the  infrared  spectrum  has  suggested  the 
possible  use  of  passive  microwave  radiometers.  In  much  of  the  lower  microwave 
region  of  the  spectrum,  only  the  relatively  restricted  areas  of  heavy'  precipitation 
would  prevent  a  spaceborne  radiometer  from  ’’seeing"  the  earth’ s  surface.  The 
complication  that  arises  in  using  passive  microwaves  for  remc.ely  sensing  the 
sea  surface  temperature  is  that  the  emissivity  of  the  surface  is  a  function  of  both 
the  thermometric  temperature  and  the  roughness  of  *e  sea  surface.  The  two 
effects  must  be  separated  without  prior  knowledge  of  the  sea  state.  The  purposes 
of  this  experiment  was  to  verify  experimentally  a  theoretical  appropch  to  remote 
radiometric  sensing  of  sea  surface  temperatures. 

The  implementation  of  the  experiment  and  the  subsequent  data  analysis  was 
directed  toward  two  basic  questions: 


A.  Can  the  thermometric  temperature  of  the  surface  of  the  sea  be  determined 
in  a  sufficiently  accurate  manner  by  radiometric  measurements  and  would 
the  method  of  measurement  be  applicable  to  aircraft  or  satellite  systems? 

B.  Can  a  sufficiently  accurate  measure  of  the  surface  roughness  of  the  sea 
i.e.  ,  sea  state,  be  determined  by  similar  radiometric  means? 

J 

To  implement  this  experiment  a  mobile  radiometric  van  was  subleased  from 
GCA  Corporation,  Bedford,  Mass.  This  van  had  radiometric  equipment  designed 
for  operation  at  9.5,  16.  5  and  94  GIIz.  This  equipment,  supported  by  additional 
ground  truth  observation  instrumentation  was  set  up  or>  an  island  site  in  the 
Chesapeake  Bay  and  a  series  of  radiometric  measurements  were  made.  The 
operation  of  the  equipment  and  subsequent  data  reduction  and  analysis  was  performed 
by  personnel  from  RCA  Astro  Electronics  Division. 


in  co-operation  with  RCA,  personnel  from  the  National  Environmental  Satellite 
Center  (NESC)  of  the  Environmental  Science  Services  Administration  (ESSA) 
supplied  and  operated  an  infrared  radiometer  in  conjunction  with  the  microwave 
radiometric  measurements.  The  IR  radiometer  was  a  Barnes  Engineering  Company 
Model  PRT-5  which  has  a  spectral  response  from  8  to  16  micrometers.  Its 
temperature  range  is  212°K  to  338°K  with  a  long  term  stability  of  ±  0.5°K. 


B.  Summary  of  Results 


The  bulk  of  the  radiometric  measurements  were  made  at  16.  5  GHz  using  both 
horizontal  and  vertical  polarization.  The  radiometric  temperature  of  the  vertically 
polarized  runs  correlates  with  the  thermometric  temperature  of  the  sea  water 
and  shows  a  sea  state  invariant  zenith  angle  range  from  about  103°  to  114°.  At  109°, 
the  median  zenith  angle  of  this  range,  the  average  radiometrically  derived  temperature 
of  the  vertical  runs  is  299°Kwith  a  standard  deviation  of  about  5°K.  The  nominal 
average  thermometric  temperature  of  the  sea  water  was  299°K. 


The  horizontally  polarized  radiometric  measurements  were  used  to  derive 
apparent  water  temperature  and  horizontal  emissivity.  Neither  of  these  shows 
any  direct  correlation  with  sea  surface  roughness  (sea  state).  This  is  in  contra¬ 
diction  with  accepted  theory  and  may  be  due  to  equipment  sensitivity  limitations 
and  restrictions  on  the  viewing  angle  at  the  site. 


The  horizontal  runs  do  not  shown  any  direct  correlation  with  sea  water  temperature. 


% 


n-4 


SECTION  III 


BASIC  THEORY 


A.  Radiometric  Principles 


Radiometric  measurements  of  sea  water  are  based  on  the  principle  that  thermally 
emitted  and  reflected  radiation  from  the  sea  are  partially  polarized.  The  amount 
of  radiation  received  from  the  sea  will  be  dependent  upon  the  polarization,  tempera¬ 
ture  of  the  sea.  angle  of  observation  and  the  temperature  of  any  source  reflected 

by  the  sea. 


For  a  specular  sea  water  surface  the  relationship  between  these  parameters  is 
expressed  by: 

Tb  =eTw  +  <'“e)Tr  (!) 

where 

Tjj  =  measured  radiometric  brightness  temperature 
Tw  =  thermometric  sea  water  temperature 
Tr  =  temperature  of  reflected  souice 
€  =  emissivity 

Equation  (1)  could  be  subscripted  with  either  H  or  V  to  denote  horizontally  or 
vertically  polarized  conditions. 


The  relationship  between  emissivity,  reflectivity,  dielectric  permittivity,  (i.e. 
dielectric  constant  and  loss  factor)  and  observation  angle  is  developed  in  Appendix  A. 


A  non-specular  surface  would  be  expected  to  behave  somewhat  differently  than 
indicated  in  equation  (1).  This  would  be  inferred  if  one  considers  the  surface  of 
a  rough  sea.  In  this  case,  the  observation  angle  of  the  sea  surface  is  a  function 
of  the  slope  of  the  wave  fronts  and  may  best  be  described  as  a  "cone"  of  angles 
about  an  average  value.  The  size  of  the  cone  will  be  dependent  upon  the  height 
and  period  of  the  wave  and  of  the  observation  time.  This  indicates  that  the 
"apparent"  emissivity  of  non-specular  water  should  differ  from  that  of  specular 
sea  water.  It  is  also  possible  Inat  there  may  be  a  range  of  observation  angles 
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(or  a  specific  angle)  where-  the  specular  emissivity  and  the  non-specular  "apparent" 
emissivity  coincide.  If  this  condition  existed  one  could  define  an  invariant  obser¬ 
vation  angle  where  the  "sea  state'  has  no  effect  on  the  observed  temperature.  As 
a  oorollary  to  this  it  would  appear  that  the  observed  brightness  temperature  at 
other  than  an  invariant  angle  should  be  dependent  upon  the  roughness  of  the  sea 
Thus  it  should  be  possible  to  derive  sea  state  from  a  series  of  radiometric  measure¬ 
ments. 


B.  Emissivity  of  Sea  Water 

The  equations  for  the  vertical  and  horizontal  emissivities  of  sea  water  are 
developed  in  Appendix  A.  These  equations  show  the  emissivity  to  be  a  function  of 
the  dielectric  permittivity  and  the  observation  angle.  The  horizontal  and  vertical 
emissivities  of  sea  water  are  shown  in  Figure  in-1  for  a  frequency  of  16.  5  GHz. 

The  dielectric  permittivity  of  sea  water  is  a  function  of  frequency,  salinity,  and 
temperature.  The  relationship  of  dielectric  permittivity,  frequency,  salinity  and 
temperature  is  developed  in  Appendix  B. 


C.  Temperature  Determination 

Referring  to  equation  (1),  sky  radiation  is  the  dominant  contributor  to  Tr  in 
sea  water  radiometric  measurements.  Thus  equation  (1)  can  be  rewritten: 

Tb<£  =  €0TW  +  s  Q  (2) 

where 

Ts  =  the  sky  temperature 
0  -  observation  angle 

e  =i8o-<fr 

For  purposes  of  definition  the  angle  <£>  will  henceforth  be  referred  to  as  the  zenith 
angle,  that  is  the  angle  measured  from  the  upward  pointing  local  vertical.  This 
angle  and  definition  will  be  used  throughout  this  report. 

At  a  given  zenith  angle,  assuming  the  salinity  to  be  constant,  the  emissivity  be¬ 
comes  only  a  function  oi  water  temperature.  If  values  of  T^  and  Ts  were  measured 
then  there  would  be  only  one  unique  value  of  Tw  which  would  satisfy  equation  (2). 
This  type  of  calculation  is  easily  accomplished  with  a  computer  by  iterating  values 
of  Tw,  calculating  the  value  of  €  and  then  using  Tw,  e  and  Ts  to  calculate  the  value 
of  T^.  This  process  is  repeated  until  a  value  of  T^  is  calculated  which  io  su*u- 
ciently  close  to  the  measured  value  of  T^.  The  final  value  of  Tw  is  then  the  unique 
value  which  satisfies  equation  (2).  This  value  of  Tw  would  be  equal  to  the  thermo - 
metric  temperature  of  the  sea  water  only  at  the  angle  where  there  was  an  invariance 
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with  sort  state.  (This  temperature  determination  method  is  described  in  detail  in 
Appendix  C,  Paragraph  C. )  Other  investigators  ^Stogryn  Ref.  1)  have  developed 
curves  showing  the  theoretical  dependency  of  the  horizontally  ana  vertically  polar¬ 
ized  radiometric  temperatures  upon  sea  state.  Stogryn'  s  work  also  suggests  a 
stronger  dependency  of  the  horizontally  polarized  temperature  on  sea  state.  Thus 
one  would  anticipate  a  correlation  of  sea  water  temperature  with  the  vertically 
polarized  radiometric  measurements  and  a  correlation  of  sea  state  with  the  hori¬ 
zontally  polarized  radiometric  measurements. 

Other  methods  for  deriving  water  temperature  from  radiometric  measurements 
have  been  suggested.  Some  of  these  are  discussed  in  Appendix  C. 
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SECTION  IV 


SITE  AND  EQUIPMENT  DESCRIPTION 


A.  Field  Site  Location  and  Description 


The  measurements  were  taken  from  North  Island  of  the  Chesapeake  Bay  Bridge 
and  Tunnel  District.  The  Chesapeake  Bay  Bridge-Tunnel  is  the  world' s  longest 
bridge  and  tunnel  complex.  It  links  the  city  of  Norfolk  and  Cape  Charles,  Virginia, 
across  17.6  miles  of  water.  North  Island  is  at  the  northern  end  of  the  Thimble 
Shoal  Channel  Tunnel. 


This  is  a  man  made  island  and  is  about  1,200  feet  long  with  a  maximum  width  of 
220  feet  at  the  channel  end.  It  is  approximately  30  feet  above  mean  low  water  and 
is  surrounded  by  large  rip-rap  boulders.  The  nominal  water  depth  around  the  island 
is  30  feet.  A  large  thirty  foot  high  vent  building  is  located  above  the  tunnel  entrance 
at  the  southern  end  of  the  island.  This  island  is  black-topped  and  has  a  concrete 
retaining  wall  around  the  periphery  with  the  rip-rap  boulders  sloping  outward  toward 
sea  level.  A  two  foot  high  fence  about  eight  feet  from  the  edge  of  the  concrete 
retaining  wall,  encircles  the  island. 


The  radiometric  ran  was  positioned  against  this  fence  on  the  west  or  bay  side  of 
North  Island.  The  side  of  the  van  faced  Chesapeake  Bay.  The  vent  building  was  on 
the  opposite  side  of  the  van  about  eighty  feet  away.  The  azimuth  of  the  radiometric 
measurements  was  310°  and  the  antenna  had  a  zenith  angle  capability  of  0°  to  180°. 
Radiometric  observations  of  the  water  were  possible  through  zenith  elevation  angles 
of  90°  to  about  125°  because  the  main  beam  of  the  antenna  intercepted  the  boulders 
at  about  125°.  Figure  IV- 1,  2  and  3  show  three  views  of  the  van  at  the  site. 

A  marker  buoy  was  placed  on  an  azimuth  of  approximately  280°  about  a  hundred 
feet  from  shore.  The  buoy  was  held  in  position  with  two  Danforth  anchors  and  two 
lines  from  shore.  The  shore  lines  were  attached  to  the  buoy  through  pulleys  One 
of  the  pulley  lines  was  used  to  deploy  a  series  of  floating  temperature  thermistors 
while  the  other  was  used  in  obtaining  surface  water  samples.  Figure  IV-4  shows 
the  buoy  and  the  floating  temperature  sensors  in  place. 
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The  water  depth  at  the  field  test  site  varies  from  about  30  leet  at  the  near  vicinity 
of  the  island  to  nearly  50  feet  in  the  Thimble  Shoal  Channel.  This  depth  of  water 
permitted  a  wide  range  of  wave  neight  conditions. 

Figure  IV-5  shows  the  field  site  location  and  i's  relationship  to  other  land 
areas.  The  prime  measurement  azimuth  of  310°  is  marked  on  this  figure.  A  plan 
view  of  the  island  lay-out  is  shown  in  Figure  1V-6. 


B.  Equipment  Description 

The  radiometric  van  was  a  WW-II  model  SCR-584  radar  trailer  that  had  been 
converted  to  a  mobile  radiometric  station  in  1064-65.  It  basically  consisted  of  three 
r-f  heads  designed  to  operate  at  9.5,  16.5  and  94  GHz  working  into  a  common  i-f, 
video  and  data  recording  section.  The  van  equipment  included  an  elevator  for 
raising  and  lowering  the  radiometer  antenna  pedestal.  A  gasoline-driven  primary 
power  generator  provided  line  power.  Air  conditioning  provided  for  interior- 
temperature  control.  Two  close-up  views  of  the  van  are  shown  in  Figure  IV-7 
and  IV- 8. 


The  remotely  controlled  radiometer  antenna  pedestal  permitted  positioning  of  the 
radiometer  antenna  beams  to  an  accuracy  of  0.2  degrees,  over  a  total  usetul  vertical 
angle  of  180  degrees  from  zenith  to  nadir.  The  pedestal  could  be  turned  through 
360°  in  azimuth.  Two  r-f  heads  are  mounted  back-to-back  on  the  pedestal,  at 
opposite  ends  of  a  horizontal  shaft.  A  motor,  located  on  the  pedestal  yoke,  permits 
remote  control  of  antenna  polarization  by  turning  the  shaft  through  90  degrees  about 
the  antenna  axis.  A  third  r-f  head  could  be  readily  installed  after  removal  of  one  of 
the  previously  installed  heads.  Figure  IV-9  shows  a  view  of  the  16.  5  GHz  r-f  head 
on  the  antenna  pedestal. 

Each  r-f  head  consisted  of  an  antenna,  mixer,  klystron  local  oscillator,  ambient 
and  hot  loads,  pre  i-f  amplifier,  and  switching  networks.  The  i-f  output  and  ther¬ 
mistor  temperature  information  were  coupled  to  the  interior  van  electronics  by 
cables.  The  interior  electronics  consisted  of  the  required  power  supplies,  an 
i-f  amplifier  and  detector,  a  video  amplifier,  a  synchronous  video  detector,  output 
voltmeter  and  recorder,  and  the  antenna  positioning  controls.  The  radiometric 
output  signal  was  measured  with  an  HP  3440A  Digital  Voltmeter  and  was  recorded 
on  an  HP  562A  Digital  Printer. 

The  pertinent  design  parameters  and  performance  characteristics  of  the  radio¬ 
metric  equipment  are  summarized  in  Table  IV-1. 
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TABLE  IV-1  RADIOMETER  0 

Radiometer  Type 

Antenna  Type 
Antenna  Polarization 


Antenna  Diameter  and  3dE  Beamwidths 


Frequency 


9. 5  GHz 
18.5  GHz 


IF  3dB  Bandwidth 


94  GHz 


Internal  Calibration 


Video  Amplifier  and  Detector 

Integration  Tone 


Radiometric  Sensitivity 


Horizontal  and  Vertical 
(Polarization  changed  by  mechanical 
rotation) 


Diameter 


19  inches 
16  inches 
6  inches 


Two  waveguide  terminations  whose 
temperatures  can  be  measured  to  withii 
±  0.2°  by  internal  thermistors.  Nominal 
temperatures  are:  Hot  I.oad  400°K, 

Cold  Load  390°  K _ 


Locked  video  amplifier  and  synchronous 
detector 


1.0  second  (other  integration  times  were 
available) 


I  9.5  GHz 
I (L92°K 


16.5  GHz, 


94  GHz 


Not  measured 
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IV- 4 


Figure  IV-i.  Experiment  Site 
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Figure  IV~3.  Radiometric  Van 
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Figure  IV -4.  Marker  Buoy  and  Floating 
Temperature  Sensors 
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RADIOMETRIC 
MEASUREMENT 
AZIMUTH  310° 


FIGURE  IY-G.  MEASUREMENT  SITE  PLAN  VIEW 
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Figure  IV-9.  Close-up  of  16.5  GHz  R.  F.  Head  and 
Infrared  Sensor 
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DATA  MEASUREMENTS 


A.  Radiometric  Measurements 


Radiometric  measurements  were  made  at  the  site  from  July  17  through  August 
14,  1969.  Both  vertically  and  horizontally  polarized  measurements  were  made. 
Fifty-six  data  runs  were  made  during  the  months  of  July  and  August,  1969.  Of 
these,46  were  made  at  a  frequency  of  16.  5  GHz  and  10  were  made  at  a  frequency 
of  9.5  GHz.  No  measurements  were  made  at  94  GHz  because  of  equipment  failure. 
There  was  observable  interference  at  9.  5  GHz  and  therefore  the  data  at  this 
frequency  is  considered  questionable. 

The  data  runs  can  be  divided  into  three  types.  The  first  type  are  designated 
standard  data  runs  and  consisted  of  measuring  data  at  a  sufficient  number  of  zenith 
angles  to  adequately  describe  the  elevation  temperature  profile  along  a  fixed  azimuth. 
The  second  type  consisted  of  a  series  of  measurements  made  with  a  fixed  zenith 
angle  and  a  fixed  azimuth  angle.  These  are  further  classified  as  stability  runs, 
where  the  polarization  was  held  constant  for  a  long  period  of  time  and  as  switched 
polarization  runs  where  the  polarization  was  switched  from  vertical  to  horizontal 
every  50  to  100  seconds.  The  third  type  of  run  was  a  horizontal  environment  check 
where  the  zenith  angle  was  held  constant  at  90°  a”d  the  azimuth  was  slowly  swept 
from  0°  to  360°.  These  runs  gave  an  indication  of  any  possible  interference  and 
also  a  check  on  the  temperature  variation  of  the  environment.  The  measured 
radiometric  temperature  is  the  resultant  of  the  energy  received  by  the  main  beam 
of  the  antenna  and  tne  side  lobes.  This  measured  temperature  is  called  the  apparent 
temperature  (Ta).  By  providing  an  antenna  pattern  correction  this  apparent 
temperature  is  converted  to  brightness  temperature  (T^),  The  brightness  tempera¬ 
ture  is  the  radiatea  temperature  of  the  observed  source.  The  conversion  from 
apparent  temperature  to  brightness  temperature  requires  a  knowledge  of  the  total 
radiometric  environment.  One  of  the  prime  reasons  for  taking  sufficient  data  on 
a  run  was  to  describe  a  complete  elevation  profile.  This  m  turn  was  used  tc  define 
the  total  radiometric  environment.  In  converting  from  apparent  to  brightness 
temperature,  the  elevation  profile  was  assumed  to  be  symmetrical  around  360 
degrees  of  azimuth. 
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B.  Supplementary  Observations 

In  addition  to  the  radiometric  measurements  a  large  amount  ox  supplementary 
and  supporting  data  was  obtained. 

1.  Sea  Water  Thermometrie  Temperature 

The  surface  water  temperature  was  measured  using  both  mercury  bulb  thermo¬ 
meters  and  floating  thermistors.  The  mercury  bulb  readings  were  taken  at  the 
waters  edge  by  immersing  the  thermometer  in  the  water.  The  thermistor  measure¬ 
ments  were  accomplished  by  placing  the  thermistors  on  specially  designed  floats 
and  deploying  these  floats  on  a  pulley  line  between  shore  and  the  murker  buoy. 

This  enabled  surface  temperature  measurements  to  be  made  at  varying  distances 
from  the  shore  to  a  distance  of  about  100  feet.  The  floats  were  12  x  12  inch  squares 
of  1  inch  thick  styrofoam  with  a  3  or  4  inch  diameter  hole  in  the  center.  The 
thermistor  was  attached  in  the  center  of  a  doughnut  shaped  piece  of  styrofoam  which 
was  in  turn  confined  to  the  hole  in  the  square  float.  A  second  type  placed  the 
thermistor  on  the  bottom  of  a  ping-pong  ball  which  was  in  turn  confined  to  the  hole 
in  the  square  float.  At  the  site  the  floats,  when  first  placed,  had  a  tendency  to 
fbp  over  in  rough  seas.  This  was  eliminated  by  attaching  short  one  foot  pieces  of 
nylon  thread  to  each  corner  of  the  square  float  and  suspending  one  or  two  B-B  shots 
from  each  thread. 

2.  Sea  Water  Samples 

Samples  of  the  sea  water  were  taken  at  various  times  during  the  course  of  the 
program.  In  general,  samples  were  obtained  near  the  time  of  the  high  and  low 
tides  and  following  any  rainfall .  The  sea  water  samples  were  obtained  by  skimming 
a  container  along  the  water  surface  using  the  second  shore- to-buoy  pulley  lire. 

Care  was  exercised  to  obtain  a  representative  sample  of  the  water  close  to  the 
surface.  This  was  somewhat  dependent  on  the  roughness  state  of  the  sea,  but  most 
samples  were  obtained  from  water  within  3  to  4  inches  of  the  surface.  The  water 
samples  were  stored  in  special  air-tight  bottles,  marked  with  the  sample  lime, 
date  and  other  pertinent  information. 

The  salinity  of  the  samples  was  measured  at  the  Virginia  Institute  of  Marine 
Science.  The  dielectric  constant  and  loss  tangent  of  representative  samples  was 
measured  at  the  MIT  Insulation  Laboratory.  These  measurements  were  made  at 
8.5  and  14  GHz. 

3.  Weather  Observations 

Weather  and  meteoro1  agical  observations  were  made  at  various  times  through¬ 
out  each  days  operation.  The  observations  included  percent  sky  cover,  cloud  types, 
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air  temperature  ~  both  dry  and  wet  bulb,  visibility,  and  weather  comments. 
Additional  weather  observations  were  available  from  the  Chesapeake  Bay  Bridge 
and  Tunnel  Authority  which  kept  a  regular  weather  log  on  an  adjacent  island. 

4.  Sea  State  Observations 

Observations  of  the  sea  state  were  made  with  each  data  run  and  at  other  appro¬ 
priate  times.  These  observations  included  the  swell  and  wind  chop  height  and 
sometimes  the  wave  period  and  wind  speed  and  direction.  These  were  visual 
observations  made  by  inexperienced  observers  but  the  relative  accuracy  of  the 
observations  is  considered  good.  Sea  state  conditions  at  the  site,  during  the  period 
of  measurement  varied  from  a  smooth,  calm  sea  to  a  sea  with  a  three  to  three 
and  one -half  foot  swell. 


5.  Photographs 


Photographic  records  were  made  with  each  data  run.  The  pictures  generally 
were  taken  along  the  azimuth  of  the  radiometric  measurements  and  included  pictures 
at  zenith  angles  of  0°,  45°,  90°,  115°  and  135°.  This  provided  a  fairly  complete 
coverage  of  the  elevation  profile.  Additional  pictures  were  taken  to  record  sea 
conditions.  These  in  general  included  the  marker  buoy  which  had  orange  and 
white  vertical  sections  alternating  every  six  inches.  Most  of  the  pictures  were 
taken  with  a  86  mm  telephoto  lens.  A  representative  sample  set  of  pictures  taken 
m  conjunction  with  run  7  and  8  are  included  as  Figures  V-l  thru  V-6.  The  first 
five  pictures  are  at  the  measurement  azimuth  of  310°  with  zenith  elevation  angles 
of  0°,  60°,  90°,  110°  and  135°.  The  sixth  picture  is  of  the  marker  buoy  and  thermistor 
sensors. 


6.  Radiosonde  Data 

Radiosonde  data  was  obtained  from  daily  observations  made  at  Wallops  Island, 
Va.  This  is  about  70  mi!e&  north  of  the  experiment  site  and  the  atmospheric  con¬ 
ditions  were  considered  similar.  This  radiosonde  data  was  used  to  determine 
radiometric  zenith  sky  temperatures  which  were  used  for  a  third  calibration  point. 

7.  Wave  Gage  Recorder 

The  Army'  s  Coastal  Engineering  Research  Center  (CERC)  has  a  wave  gage 
mounted  on  the  adjacent  South  Island.  This  is  about  1800  yards  from  the  measure¬ 
ment  site.  It  consists  of  a  series  of  vertically  spaced  electrodes  which  when 
shorted  by  the  conducting  sea  water  provide  an  output  signal  proportional  to  the 
wave  height.  This  wave  gage  is  one  of  a  network  of  similar  gages  along  the  Atlantic 
seaboard.  It  is  automatically  sequenced  on  for  ten  minutes  out  of  each  hour. 
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During  this  period  a  paper  chart  record  is  made  at  the  wave  gage  location  and  data 
recordings  are  made  at  a  central  location  in  Washington,  D.  C.  Facilitation  was 
arranged  to  operate  the  local  strip  chart  recorder  on  a  continuous  basis  for  eight 
hour  periods.  Several  such  recordings  were  made. 

It  was  anticipated  that  the  wave  height  and  period  at  the  test  site  and  at  the  wave 
gage  site  would  be  representative  of  each  other.  However,  visual  observations  showed 
that  this  was  not  true.  There  were  wide  variations  in  the  surface  conditions  at  the 
two  sites  most  of  the  time.  Apparently  the  water  turbulence  created  by  the  island 
and  the  tidal  currents,  together  with  difference  in  local  wind  parameters  degraded 
the  correlation.  As  a  result,  the  wave  gage  has  not  been  used  as  an  analysis  tool. 

8.  Infra-red  Radiometer  Measurements 

As  previously  mentioned,  personnel  from  the  National  Environmental  Satellite 
Center  (NESC)  supplied  and  operated  an  infra-red  radiometer  in  conjunction  with 
the  microwave  measurements.  The  results  of  the  measurements  and  their  analysis 
are  treated  in  an  internal  NESC  report  (Ref  2).  For  a  comparison  to  the  microwave 
radiometric  measurements  a  summary  of  the  results  of  some  of  the  infra-red  radio- 
metric  data  is  contained  in  Appendix  F  of  this  report. 

C.  Site  Operations  and  Data  Measurements 

The  types  of  radiometric  data  runs  have  oeen  described  in  Section  V-A.  The 
standard  runs  were  numbered  Run  1  thru  Run  36. 

Normally  four  calibrations  were  performed  during  a  run.  Each  calibration 
consisted  of  measuring  ten  1-second  samples  of  the  radiometer  output  voltage  of 
first  the  zenith  sky  (nominally  10°K),  second  the  ambient  load  (nominally 
300°K),  and  last  the  hot  load  (nominally  400°K).  A  data  measurement  consisted  of 
taking  ten  1-second  samples  of  the  radiometer  output  voltage  at  the  antenna  zenith 
angle  of  interest.  Each  run  had  data  points  taken  at  zenith  angles  of  0°,  20°,  40°, 

50°,  60°,  70°,  80°,  85°,  90°,  95°,  100°,  102°,  104°, . 128°,  130°,  140°,  150°, 

ISO0,  170°  and  1805.  The  four  calibrations  were  taken  at  the  beginning  of  the  run, 
before  the  100°  data  point,  after  the  130°  data  point,  and  at  the  end  of  the  run.  The 
total  time  for  a  run  was  about  25  minutes.  Comments  pertrnent  to  each  run  were 
written  on  the  run  log  sheet.  The  calibration  determination  is  described  in 
Appendix  E. 

The  16.5  GHz  stability  runs  and  switched  polarization  runs  were  numbered  Run 
301  thru  Run  313. 
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Runs  201  thru  206  consist  of  a  preliminary  S.  5  GHz  darn  run,  a  9.  5  GHz  zenith 
stability  run  and  the  horizon  check  runs. 

Runs  101  and  102  are  two  preliminary  9.5  GHz  standard  runs. 

Printouts  of  the  comments  accompanying  or  adjacent  to  each  run  are  tabulated  in 
Tables  V-l  thru  V-12.  The  first  line  on  each  of  the  run  listings  gives  the  month, 
date  and  year  as  a  six  digit  number;  the  start  time  as  a  six  digit  number  in  hour, 
minutes,  and  seconds;  the  measurement  azimuth  angle  in  degrees;  the  polarization 
either  H  or  V;  the  frequency  in  GHz  times  10,  as  a  3  digit  number;  the  integration 
time  in  seconds;  and  the  apparent  zenith  sky  temperature  used  as  a  third  calibra¬ 
tion  point.  The  time  is  EDST  expressed  in  a  24  hour  format.  The  run  comments 
sometimes  include  calibration  data  which  is  referenced  only  for  programming  use. 

The  thermometric  water  temperature  was  measured  by  a  mercury  bulb  and  by 
RCA  and  ESSA  floating  thermistors.  The  average  daily  temperature  readings  from 
the  various  devices  is  tabulated  in  Table  V-13.  It  can  be  noted  that  the  average 
temperature  as  measured  by  the  various  devices  varied  from  a  low  of  297.  5nK  to 
a  high  300.  7°K,  a  variation  of  3.  2°K.  Supplementary  water  temperature  data  was 
obtained  from  the  United  States  Coast  Guard  from  their  Wolf  Trap  Light  Station. 

Wolf  Trap  Light  is  located  about  25  miles  from  the  test  site  on  an  azimuth  of  about 
351  degrees.  This  is  representative  of  the  water  temperature  further  up  the 
Chesapeake  Bay  and  would  indicate  the  temperature  variations  that  might  be  expected 
as  the  horizon  was  approached.  The  Wolf  Trap  Light  measurements  were  recorded 
every  three  hours.  A  tabulation  of  the  daily  temperature  is  in  Table  V-14.  The 
readings  were  made  in  degrees  Fahrenheit,  but  are  presuited  in  the  table  in  degrees 
Kelvin  for  ease  of  comparison  to  other  data.  The  temperature  range  of  this  data 
is  from  297.6°  to  299.  8°K,  and  is  in  reasonable  agreement  with  the  site  temperatures. 
This  tends  to  support  the  basic  contention  that,  the  water  under  observation  had  a 
relatively  constant  thermometric  temperature  along  tne  line-of-sight. 

Table  V-15  tabulates  the  measured  dry  bulb  air  temperatures  and  the  calculated 
relative  humidity.  The  air  temperatures  varied  about  11°  during  the  course  of  the 
measurements. 

Table  V-16  tablates  the  salinity,  in  parts  per  thousand,  of  the  sea  water  samples. 
The  date  and  time  of  the  sample  plus  the  tide  condition  and  other  pertinent  comments 
are  also  tabulated.  The  salinity  variation  was  Irom  a  low  of  21.  41  to  a  high  of 
25.95  parts  per  thousand.  Low  salinity  readings,  after  a  rain,  were  obtained  only 
if  the  sea  was  relatively  calm.  No  explanation  of  the  low  readings  on  8/7/69  and 
8/8/69  is  offered.  The  three  samples  which  do  not  have  salinity  measurements 
were  used  for  delectric  constant  evaluation.  In  the  computer  programs  the  average 
salinity  value  of  M.  17  parts  per  thousiuid  was  used  in  calculating  the  permittivity. 
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The  permittivity  is  not  strongly  dependent  on  the  salinity.  The  permittivity  of 
saltwater  has  been  caluclated  for  a  water  temperature  of  3003K  and  for  salinity 
values  from  20  o  30  parts  per  thousand.  The  results  are  tabulated  in  Table  V-17. 
These  permittivity  values  have  been  used  to  calculate  the  vertical  and  horizontal 
emissivity.  Representative  values  of  the  calculated  emissivity  are  tabulated  ;n 
Table  V-1S.  The  theoretical  emissivity  variation  is  quite  small  over  the  salinity 
range  that  was  measured  from  the  water  samples. 

Three  of  the  sea  water  samples  were  sent  to  the  MIT  Insulation  Laboratory  for 
dielectric  constant  measurements.  It  was  intended  to  have  these  measurements 
made  at  8.5  and  14  GHz.  The  measurements  at  8.5  GHz  were  completed,  but 
because  of  instrumentation  problems  the  14  GHz  measurements  were  not  completed 
at  the  time  this  report  is  being  written.  The  results  of  the  8.  5  GHz  measurements 
are  tabulated  in  Table  V-19,  along  with  theoretical  values  computed  for  8.5  GHz 
using  a  salinity  value  of  24. 167  parts  per  thousand.  The  intent  of  the  measure¬ 
ment  was  to  verify  the  accuracy  of  the  theoretical  calculations  of  dielectric 
parameters.  The  agreement  oeiween  the  measured  and  theoretical  data  at  8.  5 
GHz  supports  the  contention  that  the  derived  theoretical  formulas  for  permit! vity 
are  adequate.  (Reference  Appendix  B) 

The  values  of  the  radiometric  zenith  sky  temperatures  as  computed  from  tne  radio¬ 
sonde  data,  is  tabulated  in  Table  V--20.  These  are  brightness  temperatures  and 
were  used  to  determine  the  third  calibration  point. 

A  rain  gage  was  installed  at  the  site.  A  tabulation  of  the  rain  gage  measurements 
is  in  Table  V-21.  This  data  was  not  used  in  the  <’  ta  analysis,  but  may  provide  some 
correlation  with  the  salinity  variations.  It  is  of  interest  to  note  that  the  low  salinity 
readings  of  8/7/69  and  8/8/69  were  proceeded  by  heavy  rains  on  8/5/69. 
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Figure  V-l.  Zenith  Sky 
Runs  7  End  8 


Figure  V-2.  Azimuth  310°,  Zenith  Angie  60° 
Ruts  7  and  8 
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Figure  V-5.  Azimuth  310u,  Zenith  Angle  135° 
Runs  7  and  8 


Figure  V-G.  Buoy  and  Sensors 
Runs  7  and  S 
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T a r l f  v-i.  hadiom::tiuc  i;i'N  phiytcut 


RUM  ‘Jp.  ] 

072569  124;, -in  3’C  H  0R6  oi  10.1 

XTAL  1  L  2  5  R  3  3  ,  5  BV-300  1-29,5 

I N  T  F  R  H  E  n  I  A  T  r  CAL  AT  M  j  p  P  -i  J  n  T  I  T  H  ZENITH 

THIS  RUM  Sb  9UENCE  IS  90  T M  0  DECREES,  Hem  to  TO  173  DEGREES 


RUM  MU.  2 

072569  134645  310  V  095  01  23.6 

SEA  CALM  SLIGHT  SWELL  77.50EGREE  WATER  TFMP  ( B  J  L  3  ) 
AT  1430  VISIBILITY  10+/CLnJ0S  90% 


RIJM  Mp.  4 

072969  200230  31  0  V  U5  01  27,7 

DIGITAL  PRINTER  WAS  M 0 T F 0  TO  MISPRINT  OCCASIONALLY 

RUM  Mn.  5 

0 0 1 6 9  113200  310  V  165  01  IB, 9 

XTAL  L  7  4 , 6  R32.S 

intermediate  CAL  points  ojrhg  run 

AT  1030  SLIGHT  CHOP#  LESS  THAN  1 F  T  $  W  E L ,  10-1?  VIS#  50-90  %  DJS  C  JM 


RUM  NO.  6 

030169  129600  310  H  145  01  13,3 

TSLANO  CURRENT  CHANGED  SOUTH  T rj  NORTH  FROM  RUN  06  TO  96 

H2U  SAMPLE  AFTER  RUN  AT  1R3«!  NO,  5 

NOTE  INT  TA  -  S:J,N  NEAR  Z  F  M I  Th 

AO[)'L  CAL  AT  INTERMEDIATE  POINTS  DURING  RJN 

AT  1230  LESS  THAN  i E T  SwELLi  SLIGHT  CHOP 


RUM  Nil.  7 

050169  134790  310  H  165  01  14.1 
SLIGHT  SWELL  ,  3  Tn  INCHES-  MO  CHIP  -  GLASSY  SURTACE 
SCAT.  CLU  JOS  AT  Zr'lTTH 
I  A  T  E  R  M  r  o I  A  T  F  CAL  POINTS  OURING  RJN 
AT  1330  10-1  2 M I L E  VIS,  60-79%  SKY  COVER 


RUM  MO,  5 

0 q 0 1  6 9  141790  310  V  165  01  1  6.0 
SLIGHT  S.-jTLL  3  TO  6  INCHES  -  MO  CUQP  - 
SCAT,  CtJUuS  AT  Z  r  M  T  T  :j 


INTERNE  l’ I  AT  r 


CAL 


POINTS  DURING  RJN 


GLASSY  SURFACE 
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RADIOMETRIC  RUN  COM  A I  ENT  PRINTOUT 


TAHF  Y-2. 


RUN  NH,  9 

0 ■*? r»  1 6 s>  161033  310  V  16*5  01  18,  ■ 

XTAL  I  L 26  R  34 

SfiA  W  *3 1 T  p  CAPS  -  03P0  3  root  SwEU  pl  JS  1  TO  2  FORT  CHOP 
100  %  C  l"1  JO  COVER  WIND  SW 
I  0  T  r  R  m  E  ''  I  AT  f:  CAL  POINTS  DURING  RUN 


RUN  NO.  10 

0  1016  9  163700  31  0  H  *65  01  23.6 

SLA  WHITE  CAPS  -  0300  3  FOOT  SWELL  PLJS  1  TO  2  FOOT  CHOP 
100  %  C  L  UUP  C1VFR  -  WIND  S W 
XTAL  I  L  2  6  R  3  4 

I  N  T  r  R  0  C  ('  I  A  T  c  CAL  POINTS  DURING  RJN 

AT  1  700  13-  12MUE  VIS,  C10J0S  PO?j  CUM  T HUNDE RHF AOS 


RUN  Nil,  U 

0-U)‘if,9  1  5  5  j  00  310  V  145  01  120, 

XTAL  1  L  2 1  R30.4 

HEAVY  OVERCAST  -  DRIZZLE  3  FT  SWELL  SLIGHT  WIND  RIPPLE 
INTERMEDIATE  CAL  POINTS 


RUN  NO,  12 

0 3 0 r' 6 0  162830  310  H  ’  65  01  104  , 

XTAL  I  L  2  2  R  33 , 5 

HEAVY  OVERCAST  -  DRIZZLE  2-3  F [i  1 T  SWELL  1-2  INCH  WIND  RIPPLE 

INTERMEDIATE  CAL  POINTS 

AT  1630  3 F T  HEAVE,  SKY  DVFRCAST  f  RAIN 


RUN  Nil.  13 

0 3 0 4 6 9  130900  310  V  165  01  1  3.5 

'-401.2  C  L-0-3  13,0  I  N  I  T  //  ML.O-402,1  C  Al  2  // 

H  l.  -  0  -  4  0  3  ,  ?  CL-O-307.5  C  A  L  3  //  HL-0  404,7  CL-0-307.2  F  I  N  I  // 
cr;A  1-2  FOOT  S  W r  L  L  8-1?  INCH  W  I  NO  CHOP 


RUN  NO,  14 

000469  155000  310  H  165  m  18.2 

XTAL  I  1.29.5  R  34",  0  n  F  AM  VOLTS  322  1  =22.5 

SEA  1-2  F  ) V,“  SELL  4-10  INCH  WIND  CHOP 

Hi  -0-402 . 1  CL-0-306.9  I N  T  T  //  Hl-0-401,"  CL-0-3OR.?  CAL?  // 
ElEV  HANGUP  nn  T-J  1621  //  HL-O-403.5  CL-0-309.R  C  A  L  3  // 

H L - 0 - 4 0 o , n  CL- 0-30 9. 4  FJNI  // 

WATER  S  A  op  l  r  AT  1445-  CLEAR  SKY,  2-3ET  .-;AVES 


V-ll 


TAB  IF  V-3 


RADIOMETRIC  RUN  COMMENT  PRINTOUT 


RUN  Nfl.  IS 

000769  121600  310  V  165  01  13,5 

CLEAR  SKY  fcYCFPT  s-10  6  CRN  CLOUDS  ON  HtRIZnN 

APPROX  IMF  FOOT  S-.'EU  -  LON 0  PERIOD  -20FT-  3-4  INCH  WIND  CHOP 

BO  I  CHT-SUNMY-HAZY  WNW  W I MQ  1-2  MPH  VIS  6-3  MJ  , 

XTAL  I  L24.5  032, 5  BEAM  V  32  1  1  22  MA, 

HL-0-403.5  Cl-O-309.4  INIT  // 

Hl-o-402 , 7  CL-0-310.5  C  A  L  2  //  HL-0-402,3  CL-0-310.7  CAL3  // 
HL-0-404,2  CL  —  0  —  311.1  PINT  // 

WATER  SAMPLE  AT  1200-  CLEAR  S<Y,  APPROX  1 F T  SEA 


RUN  SIR ,  IS 

000769  125500  310  H  165  ni  13,2 

CLEAR  S<Y  EXCEPT  s-lOX  C'VULUS  CLOUDS  ON  HORIZON 

APPROX  ONE  FOOT  SWELL-  LONG  PFRI 00-20 FT-  3-4  INCH  WIND  CHOP 

B  R  I  C>  H  T  -  S  U  N '  i  Y  -  R  A  7.  Y  WNW  WIND  1-2  MPH  VIS  6-3  MI. 

XTAL  T  L24.6  R  3  ?  ,  5  B  F  A  M  V  32  1  1  =22  MA  //  wL-0-402.0  Cl  -0-311,6  INIT// 
HL-0-404.0  CL- 0-311, 7  CAL?  //  HL-0-4O3.O  CL-O-312.5  CAL3  // 

HI. -0-404,  ?  CL-0-313.0  F  I  M  I  // 

5 A“E  CONSENTS  AS  RUN  NO  is 

AT  1.330  10/.  HORIZON  CUM,  1 F  T  S  WE  L  L  »  L  ON  5  PERIOD  3-4IN  WIND  CHOP 
AT  1330  WNW  WIND  1-2;  6-3  M  J  LE  VIS 


RIJN  N|).  17 

030769  166500  310  H  165  01  18.0 

2-5  X  CIRRUS  CLOUDS  DRIFTING  OVERHEAD 

1  FOOT  SWELL  6-3  INCH  CHOP  WIND  SOUTH  3-10  MPH 

HL-0-401,6  C  L -0-307 « 0  1‘MT  //  HL-0-400.0  CL-0-306,6  CAL?  // 

HL-o-403,6  CL-0-316.5  C  AL  7  //  Hl-P-40?,0  CL-0-306.4  c I N f  // 

APPOX  17Q0  SKY  CLEAR  WITH  H  A  Z  E ;  5  M  I  L  E  VJSWIND  S  5-1 Oi l-l  .  5FT  SWELLS 


RUN  NO.  13 

0 " 0 7 6 9  172900  310  V  165  01  13,0 

OVCRHEAO  CLFAR  l  FOOT  SWELL  6-0  INCH  IOP  VERY  HAZY  -  SJ  'NY 
WIND  S  5-10  MPH 

XTAL  I  1.26,5  R  3  4 , 5  BFAM  V  32  3  I  32.2  MA 

H L - 0 - 4 0 4 , 6  CL-0-3O/.0  INIT  //HL-0-404.6  CL-0-307.2  CAL2  // 

H  (.  -  0  -  4  0  4,0  CL-0-307.3  C  At  3  /  /  HL-0-4  0 1 . 4  CL-0-307.  1  FlNl  // 

AT  17?5  10-154  E  L n U D S 


V  - 1 2 


TARLC  V-4 

RADIOMETRIC  RUN  COMMENT  PRINTOUT 


run  nr.  n 

0 30769  191590  310  V  U5  01  3 ,  7 

W  A  T  r  R  SrNSJRS  1-?99,?  2-298.6  3-293.6  4-293.6  AT  19145100 

Hl-0-401,6  CL-0-302.6  T  M I T  //3L-0-401.5  CL-O-302.9  C&L2  // 
Hl-9-401.2  CL-0-303.0  CAL  3  //HL-0-403.5  CL-O-302.9  FIN!  // 

AT  1810  10,.  CLOUDS, fH  C  L  F  A  R  j  W I  N  0  S  5-10, IFT  SWELL/  10FT  PERIOD 
AT  1310  6-RTN  CHQP,  6-9MILE  VIS 


RUN  NU,  20 

030769  1749  30  31  0  H  H5  01  10.5 

ML-0-40S.O  CL-0-3'12.°-  T K*  I  T  //  HL-9-405,'''  CL--0-302.5  C  At.  2  // 
HL-0-403,5  Cl- 0-3 02. 4  CAL3  //  HL-9-401.6  CL-0-3''? .  3  FIN!  // 
WATER  SENSORS  #1-293,8  #2-298.1  #3-298,1  #4-298.1 
At  2025  WIND  SE  10-15, 10M!U  VIS,  ID*  CLOUDS,  ON  CLEAR 


RUN  NO,  21 

OMmo  1  1  3  2  00  3 \  0  V  165  01  14,2 

WI..-0-40S0  CL-0-3’3.0  PUT  //  HI -0-404,5  CL-0-304.O  C  AL2  // 

SENSORS  #1-301.6  *2-301.7  #’-299,4  #4-298.5  ALL  UPSIDE  DOWN  TIME  1155 
HL-o-402,0  CL -  0-  3 'H, 5  CAL  3  // 

SUDORS  #1-301.0  #2-301.0  #3-298,9  #4-299.4  TIME  1205 
H L - * - 4 0 ? , 5  CL-0-306.7  F IMI  // 

SENSORS  #1-002.6  #2-301.5  #3-302,5  #4-299.5  TIME  1225 
AT  11.0U  1-1.5FT  SEA,  CLEAR  SKV,  6  M 1 1,  F  VIS 


RUN  MH.  22 

0-80869  124000  31  0  H  165  01  1  6.0 

H  L  -  0  -  4  0 1  ,5  CL-O-307.O  III  T  //-iL-0-405.3  CL-n-307.2  CAL  2  // 
H  1.-0-404 , 7  CL  - 0-307.1  CAL3  //  11-0-401.0  CL-0-307.3  EINI  // 


RUN  NO.  23 

0 8 0 ” 6 9  146500  310  V  165  01  1  1,4 

1-2  percent  cumulus  scattered  and  dritiins  overhead 

HL-0-406,0  Cl-O-309.0  PITT  //  ML- 0-401 , 1  CL-0-309.2  CAL’  // 
HL-0-402,:-.  C  L  ••  0  -  3  o  8 . 7  C  A  L  3  //  HL-0-403,5  CL-0-308.5  F  p|  I  // 


V  - 1 8 


T  A  B  L  E  V-5 


RADIO-METRIC  RUN  COMMENT  PRINTOUT 


rum  'in.  2  4 

Qri()»69  153l.nO  310  H  165  01  11.7 

5-10  PERCENT  SCATTERED  CUMULUS  CLOUDS  OV ERHfAQ 

1.5  -  2  FOOT  SWELL  1  ?  - 1  «  IMCH  CHOP  3JITE  ROUGH,  V  FRY  Frw  WH  I  T  F  CAM 
HL-0-403,0  CL-0-306.B  I M I T  //  HL-O-401.0  CL-0-909,0  CM2  // 
HL-C-403,5  CL-O-3^3.8  C  A  L  3  //HL-0-401.5  CL-0-309.0  FlMl  // 

AT  1600  102.  OH  CUM  E  HORIZON,  6  -  8  M I L  E  VIS 


RUM  MO.  25 

081269  122500  310  V  165  01  10.5 

XT-L  I  IMIT  L  =  2  6 , 4  R«35.0  <LV  315V  23MA  if  HL-0-404.3  CL-0-701.-.  if 
HL-“-40c>.0  CL-O-302.1  CAL?  //  TIDE  LIME  PT.vi  ROUGH  f.  CAf'  n A T f: R  Fi  !  10 
H L-D-4Q4 , 0  C  L - 0 - 3  o  2 . 0  CM3  II  HL-0-402.0  CL-0-392.0  PINT 
2  -  3  E  T  SWELL  FROM  MW  6-1  2  IM  '*140  RIPPLE  80-00  OVERCAST  VAR  U/E  R HEAD 
SENSORS  1-207.6  2-298.0  3-203.0 
AT  0000  90W  S<v  COVER 
AT  1030  MOD  SEA,  SUNNY 


RUM  MCI.  26 

0*1269  131300  310  H  165  01  6,9 

HL-0-402,0  CL-0-3M2.2  IMIT  II  HL-O-401,5  CL-0-302.6  CM? 

HI  -  0-4  0  4 , 3  CL -0-302. 5  CAL3  //  HL  -0-401.1  CL-0-302.7  EMI 

2-3  E  T  SWELL  FROM  MW  8-12IM  WIND  RIPPLE  30-90  %  OVERCAST  J  V  E  H  E  A  D 

SOMSDRS  1-297.5  2-298.0  3-297.9 

AT  1300  2-3ET  SWELL 


RUM  NU.  27 

051269  162  100  310  V  165  01  U .  5 

HL-O-401,5  CL -0-302. 6  IMIT  //  HL-0-402.0  CL-0-303.?  CAL? 
H l. - 0 - 4 0 1  .5  M-0-303.1  CAL 3  //  HL-0-404.5  CL-0-303. 0  PIMT 
21/2-31/20  T  SWELL  4-8IM  CHOP  MW  SE.A  ME  INU  10-15 
AT  15  53  2-JET  SMIL  From  mW,WIND  ME  10-15,  90/.  SKY  CJVER 


RUM  NO.  2° 

09126  9  165500  310  H  I6r'  M  16,5 

H  L  -  0  -  4  0  4 , 5  CL-0-3’>2.8  PUT  //  HL-0-403,1  CL-9-303.0  CAL? 

HL  —  0-404,5  CL-0-303. 0  CM3  //  HL-0-401.0  CL-0-303, 4  E  I  M I 

2-3ET  s  "ELL  4-flIN  CHOP  PARTLY  CIO  JOY  HAZY  ‘LIT  RLJt  S<Y  *ITH  SUM  AM 

SENSORS  1-/98. 4  2-2™, 5  1-298.3  3  17:25100 


V  - 1  ' 


T  A  n  L  F 


V-G 


RADIOMETRIC  RUN  COMMENT  PRINTOUT 


RUM  NO.  29 

Q31269  134500  310  H  165  91  14.3 

HL-0-409.1  CL-0-392.1  I M I T  //  HL-3-405,0  CL-3-301.R  C AL2 
HL-9-4J5to  CL-O-3'U.l  CAL3  //  HL-0-401,1  CL-0-391.0  F I N I 
1 1/2-21  T  G.'TLL  6  -  3  I N  CHOP 
SPNSORS  1-207.3  2-209.0  3-238.1 


RUM  NL1,  39 

031269  191630  310  V  165  01 
HL-0-403,0  CL-0-391.0  I  M I  T 
HL-9-401.3  CL-0-39Q.5  f  A  L  3 
1-11  /  ?  F  T  S ELL  6-3  IN  CHOP 


11.7 

//  HL-0-405,0  CL-0-301,0  CAL* 
//  HL-3-404.0  CL -0-309 . 5  F I  MI 


RUM  Nfl.  31 

0 H 1  3 6 9  1(0830  31  0  H  l6K  01  12.4 

1  -2  T  T  S  ELL  15-20FT  PERIOD  4-810  WIN!)  N  5-10 

SENSORS  1-20  7.6  2-298.4  3-298.4 

AT  TOO  ,30- 7 3 15  SKV  COVER, HAZY  LICIT  TRAM PARENT  QH  CLD'JHS^VIS  6-0 
AT  1  030  S U M N V  SLIGHT  MAZE 


PUN  NO,  32 

001369  111530  310  V  165  01  14,B 

EL  114  SMALL  BOAT  PASSED  GY  //  OVERHEAD  PATCHY  -59%  SOME  LARGE  CLOUDS 
SENSORS-  1  I  ''E  11118  1  00  1-2  9  7.1  2.-208.4  3-298.4 
AT  1110  1-2FT  SWELL 

AT  1  340  9  9%  SKY  COVER,  LOW  *10  SCAT  CLOUDS  PLUS  HIGH  ;H  ALMOST  COMPLETE 
AT  1340  VIS  6-7‘MLES.,  "1  SUM 

AT  1630  HEAVY  S w ELL  ERD''  MW  3-3,  5ET,  15-23FT  PERIUD 


RUM  Mn,  33 

031469  101090  310  V  095  01  21.1 

ML  f.  CL  MV  READINGS  WfOE  T  A  <  E  N  AT  NUMEROUS  ELEVATION  ANGLES 
SEA  CALM  PERCrPTAUE  SWELL  VERY  SMALL  WIND  RIPPLE 
DATA  RUM  8 E  G A  N  AT  10  I RO  J  09 

AT  0830  69-70  %  SKV  COVER  VIS  1 0- 1 5  STRATH  CUM  N,L(JW  STRATUS  L  CUM  W 
AT  "830  C I k  t  C IR-STRATUS  SEE 

AT  0040  SEA  CAL'*  1-2IN  WIND  RIPPLE,  6IN  SWELL 


V-15 


TABLE  V-7 


RADIOMETRIC  RUM  COMMENT  PRINTOUT 


RUM  NO.  34 

0*1469  104700  310  H  095  01  15.5 

ML  f.  CL  MV  READ!  NOS  TAKFN  AT  SEVERAL  ELEVATTTM  ANGLES 
SEA  CALM  OVERHEAD  CLEAR 
DATA  RUM  REOAM  AT  10I59J00 

AT  1  005  SEA  CALM, SLIGHT  WIMO  RIPPLE,  6lM  SL^W  SWELL 


RUM  NO.  35 

0*1469  132500  310  H  165  01  24.0 

SCATTFRED  CJMJLL'S  ClOUnS  OVERHEAD  VERY  CLEAR  w HEM  Wj  C LH JDS 
PICTURES  T A < E M  AT  13546100 
AT  U30  SFA  CALM 

AT  1300  40-50%  SKY  COVER,  COM  MOSTLY,  SIMMY 


RUM  MO.  36 

0*1469  141500  310  V  165  01  14,8 

CLEAR  QH  AT  START  it  X T A 1.  I  1-2  3.5  3-32.  « 

T  IMF-14  1  45  5  00  THU  UJFR  SQUALLS  IM  VICINITY  M)  IS  MjW  OVERCAST 
Ti  MJRTh  dm  !S  CLEAR 

AT  1500  TULJMDFRUEADS  C  STORM  T El  $W,  OAR<  CLOUDS  W ,  SEA  CALM 
AT  1  500  SLIGHT  SWR-Ll.  WITH  ,JIMD  RIPPLE 
AT  1510  HEAVY  RAIm  STARTED.  VIS  LFSS  THAM  1  HUE 
AT  1532  100%  CLOUDS  HEAVY  RAIM 

AT  1715  SFA  DEAD  CAIM,  ARTRR  rig  RAIM  SHOWER,  STILL  RAJUlMS  LIGHTLY 
AT  1910  SEA  CALM,  AFTrR  RAIM  STOPPED 


TABLE  V-8 


RADIOMETRIC  RUN  COMMENT  PRINTOUT 


BUM  RU.  101 

072169  144500  310  V  005  01.  31.7 

RUMS  101  AM  0  102  ARF  T^f  F { R  S T  CONSECUTIVE  HHHiZ  L  VERT  POL  RUNS 
VENT  BLOG  LOG  3  lsooiWlNO  ME  10-15/ CLOUDY, SF A  CALM 
WEATHER  BURFAJ  WATER  TEMP-  ?93,5 


RUN  NO.  102 

072169  151000  310  H  095  01  10.9 

RUNS  101  A:gn  to?  are  THF  FIRST  CONSECJTIVE  HHRIZ  L  VERT  POL  RUNS 
STARTED  TrJ  RAIN  AS  RUN  BFGAN//CLQJD  COVER  NFAR  lOOX 


V  - 1 7 


TAB  IF  V-S 


RADIOMETKtC  RUN  COMMENT  PRINTOUT 


run  no .  ?o\ 

071769  1 7 5 0 0  310  V  005  01.  19,4 

A  I  B  P  L  A >i P  $  F  L  F  -v  UVFR  AT  F  L  F  V  A  T  I Q  M  A N C-  L  F  S  Or  np  Amp  9s  DEGREES  // 

™IS  BUM  WAS  A  PR  0  L  I M  t  m  A  BY  c-tck  OF  aztmjtm  on  // 

USE  INIT  CAL  TEMPFRATURFS  l~  COMPUTER  NEEDS  THEM  r 'O  Hr  p  1  v  j  pm 


RUN  NO,  20? 

072269  1  4 0 ') 0 0  310  V  019  Oi  4,56 

7  p  N I T  M  STABILITY  rjm  /  /  U  S  P  FIMI  CM  i'E  ’ip?  R  ATURF5  IP  C  0  M  P  J  T  r  3  or" 
FUR  THE  IN JT  POSITIONS// 


RUN  NO,  201 

072767  1 81500  V  005  01  4,66 

HORIZON  (Ft  ANGLE  90  0 r;  0  p  r  £  s  )  C  H  F  C  S  W!T;  360  DEG  AZHJM  ROTATlo 
RUN  00,  204 

0/226"'  i.UilO  H  095  01  4,56 

horizon  (Eiev  A  vGl  E  90  DEGRESS)  CHECK  wJTH  360  OEG  AZT'-iM  ROT'. 

RUN  NO,  205 

072969  203000  V  145  01  77.7 

H  0  R  I  Z  0  N  (  £  ’,  E  7  A  T  I  0  N  ANGLE  90  DEGREES  5  C  0  E  C  B  WITH  160  O'  G  AZIMUTH  Ri 


RUN  NO,  206 

050569  164930  310  H  166  01  104. 

HOT  LOAD  CAL  RIJN  AND  ZENITH  TEMP  STATIC  T  TV 
THJS  WAS  FIRST  RUN  WHFRF  ,*F  NOTED  THAT  OL  TfMP 
ZENITH  temp  STAHKITY  DATA  TAKEN  F  MO  OF  RJn  12. 


WAS  V  A  R  V  I N  G 
OAT  A  IS  ON 


1 


S  I  T  KINS 


ns  T  H  F ,J 


N 


T  !  ON 


TAT  ION 


TAPP 


V-18 


9 


TABU  V-10 

RADIO  METRIC  RUN  COMMENT  PRINTOUT 


RUN  MU.  BO l 

001169  1  532^0  310  V  165  01 

Sr:  A  WATER  TEMP  STABILITY  AT  Flip/.  OF  115  DEGREE  ZENITH  A  NGlT 

1-1,5  FOOT  SWELL  ANH  CMnP//'in  FINAL  ZFNIH  RFADIMG»STARf£D  TO  POJR  RAIN 

RAINED  FROM  1555  TO  1605  LESS  THAN  0.02  ACCUMULATED 


RUN  Nf).  BOO 

OlONftO  ->95000  310  V  1.65  01 
VERTICAL  STABILITY  CHECK  AT 
XTAI  I  AT  STAR!  APPROX  LB? 


120 
R  3  - 


DEGREES 


ELEVATION 


XTAI  I  hr  oF  "Eii  OFF  DURING  -JN  -  AT  END  /AS  LI  b  R  23 
HL-0-493, 7  CL-0-299.4  IN T T  //  HL-0-404,5  CL-0-3M.6  FINT  // 
AT  0900  1.5-2FT  SHELL,  ROUGH  12-19  IN  CH'IP#  5-1  OSS  >HITF-CAPS 


RUN  Nil,  10" 

0 HO 5 69  1302  0  0  310  16  6  01 

PUN  AT  122  dp  ORE  E  S  FLFV  -  SNITCHING  RET. .'EE'1  HflR.IZ  AND  VERTICAL 
S  t  A  \u  A  T  F  R  S^MSJHS  M-P99.4  "4  -299,5 

FIRST  )i  DATA  POINTS  Are;  in  !  I  i'i  T  A  L  ,  No  XT  6  VERTICAL, NEXT  b  H, NEXT  7  V 
NO  CM  TAKEN  FOR  !J5.0.f  i.O/Of) 


RUN  Nfl.  104 


0  T  0  6  9  1 .6 1  5  0  0  310  1. 6  5  M  11,7 

T'"IS  R'Jv  HAS  BOTH  VFRT  AND  HO  <  I  Z  M£  A  ,  AT  1  \  5  ,  1  2  0 ,  A  N  0  125  PS 


S  T  A 3  T  AT  115  deg  Hj'UZ  //  T,''P 
TIM  16I22M0  115  PPG  1  !H  R !  I  /, 
T  I  ■"  C  16  5  26  MO  IPO  OF  G  VERT  // 
TI'.P  1  6  5  2  9  5  B  0  IPO  PPG  'U:  R  T  // 
TIN.?  16 1  3?  MO  125  IMG  H:DR»7  // 


TINf  16  5  35:30  1  7  5  DFG  H'VR  I  1  // 
M  L  ■'>_/,;)  7 , 5  c  L -0-3  18 . 9  T  N  I  T  // 


1670  115  PEG  VERT  // 

TIME  16  2.4  115  DEG  V  F  3  T  // 
TIME  162  8  120  DEG  H9RIZ  // 
TIME  1631  120  DLG  hjriZ  // 
TIME  1634  125  DF9  VFRT  If 
TIME  1637  1  25  OFT.  V  f  R  T  // 

H  L -  0 -  4  0  3 , 9  CL-0-30B.3  FI  MI  // 


RFtS 


GIF  Mil 


RUN  on,  P05 

OHO F 69  1 6 3 M 1 0  3.0  V  164  01 

THIS  RUM  IS  A  ZENITH  STABILITY  CHECK 

STARTED  RIGHT  ATTAR  run  304  THERFQRE  USE  394  FINAL  CAL  AS  305  I>)T  CAL 
Hu-0-403,9  CL-0-30F  .3  I  NIT  1/ 

AT  1  705  C'U.RPY  SEA-2FT,  SUNNY,  HUMID 


V--19 


TABLE  V-ll 


RADIOMETRIC  RUN  COMMENT  PRINTOUT 


RUM  NU.  10* 

OB  1 1 69  122290  310  16*  01 

SPECIAL  R'JN  ELEVATION  ANGLE  105  OEG/'/CUANGE  B  T  w  M  H  r,  ~J  P  U  a1  1 7  AT  II'! 
Hl-180-403.0  CL-100-309.5  MIT  //  FIRST  V  MM  LG  CG  SHIP  PITSMlY  T  *| 
FIELD  OF  VIEW  HL-U05-402 . 9  CL-lOi-308 , 0  //  START  Tp'-E  FIRST  H  J  H  1307 
Hl-180-403,4  CL-M0-30?,5  C  A  L  2  //SWELL  INCREASING  f.  C  HI P  P I  E  0  Ann  m« 
SECOND  V  1324  HL-l8n-40?,f»  Cl  - 1  BO  - 3  06. 4  CALl  //  SECOND  -\  C  3  ' p  L  f  TP'  1056 
AT  1030  SLtOHT  SWFLL  FROM  NW,  CLU JOS  90  i  CS  AC 
AT  1200  WJMO  NW  5-10;  CLOUDS  ROSS  CS  CC 

AT  1300  SWELL  DEVELOPING;  SLIGHT  CHOP;CLOJDS  900  Cl  SCAT  CJ 


RUN  NO.  307 

OB  1 1 69  140000  310  165  01 

SPECIAL  RUN  ELEVATION  ANGLE  110  D^G/ /CHANGE  BTWN  H  C  V  PJLAMZATI'IN 
HL-1  80-405,0  CL-130-31.1.6  MIT  /  /  (L  ••  1  BO -4  02 . 5  C  L  -  1  P  -  3  0  6  «  7  CAL  2 
TIME-1400  START  SECOND  VERTICAL  POL  II  T I  Mg  1436  START  SECOND  -<'n.I  l  POL 
GENTLE  RUT  DISTINCT  CHOP  TN  WATER  /  /  HI  -  1  B  0- 404 . 6  C  l-l :1  0-307.0  FI  Ml 
AT  1330  CH)P  INCREASING  SINCE  NOON  UNDER  STEADY  NW  I  M  0  SO'U'  WH! TEC  APS 
AT  1330  SWELL  PERIOD  15-20FT 
AT  1  400  C  u!  JDS  n0’i  Cl  CS;  VIS  ,V*ILES 

AT  1433  DISTINCT  TIDAL  LINE  0  T  W  N  WHITE  f,  CAIN  WATER.  (NEAR  3  i'  A  S  J  3  E  'If  N  T  S  ) 
AT  1450  2 F T  SWELL 

AT  1500  C LiJ  JDS  70X  CI»CS;CJ  MEQ,  CU  BUILDING  TO  WEST  £  'jW 


RUN  NU,  303 

OB  11 69  1617  00  31  0  165  01 

SPECIAL  R  U  \  ELEVATION  ANGLE  115  DEG  //  CHANGE  RTWN  f.  V  P  V.  AT  I  7.  A  T  I  ON 
HL-1  BO  - 4  02, 2  CL-1P0-3O2.3  MIT  //  T  ME  1526  START  FIRST  H  ?'it  R  IN 
HI - 1 8  0-40  5 , 0  CL-M0-3O4.O  C&L2  //  TME  1640  END  FIRST  V  P;H  RUN  f,  B !.  G I N 
SECOND  V  PUl  RUN  /I  TIME  1647  START  SECOND  H  POL  RUN  II 
HL -100  - 4 04, 7  CL-M0-3O4.Q  EMI  // 


RUN  NO.  309 

Of'  1  1 69  1  65  700  310  1  65  01 

SPECIAL  RUN  ELEVATION  ANGLE  l  ?  0  DEG  II  CHANGE  R  T  W  N  H  £  V  P  ’j  I.  A  R  M  A  T  M  N 
HL-1  BO-404, 1  CL-1H0-3O4.5  MIT  //  TME  1704  START  FIRST  H  Pul  R  JN 
HL-1  BO-4  0  3, 3  C  L  - 1  b  0  -  3  03 , 6  C  A  L  2  //  TME  1717  START  SiCJNO  V  POL  R  JN 
WATER  MUCH  CALM'  R  /  '  TTMP  1722  END  SEC'JND  H  PUl  RUN 
HL-1 BO-4 05, 0  CL-1B0-303.6  FIN! 

17UD  CLOUOS  Cl;  NO  CU  EVIDENT 


V-20 


9 


T  A  P.  L  r  V  - 12 

E  ADIOME'l’RIC  HUN  COMMENT  PRINTOUT 


p um  on .  Tin 

0  Ml  b  9  17*500  310  1 6  5  01 

SPECIAL  k  J‘;  1 1.  fci  V  A  T I  n  AUG  IE  1?5  DEG  //  C  H  A  M  0  F  RT/JU  H  G  V  P  31  AR  1 1  AT  ION 
HL-180-404,0  C  L  - 1 0  -  3  0  4 . 0  I  IP  /  /  T  I  M ^  1*00  START  FIRST  -1  PHI  RU‘1 
T  !  t  F  1  )i  0  A  r  A  0  FIRST  V  P^L  ROM  //  HL-1K0-4C4.0  Cl  -180-303.7  C  A  L  2  // 

T I ' '  F 1 R 1 r'  START  SECOND  POL  R  JN  //  TI"E  1B23  START  SECO'O  3  POL  RJ'I  // 
ML  - 1  R0-40r>,  0  C  L  -  1 0  -  3  0  ?  .  7  F  I  M  I  '/ 

at  mo  wpn  us  o i r n  down,  water  becoming  quite  calm 
AT  1300  C  LOOPS  100  Cl 
AT  1900  1 F  T  SHELL 


RU'i  hi.  Oil 

0n069  143'00  310  16*  01 

SPC'IAL  k  1  .  l?j  Or  G  FUVATJO'4  STABILITY  W I  TO  FIRST  0  THEM  Y  P’UAPIZ 
Hl-0-401,0  CL-;)-304.5  IMT  //  START  TP'F  \  POL  1  4:37  5  00  STOP  A  T 1 5 !  40  S  OO 
H  L  -  0  -  4  0  * ,  5  C  L  -  0  -  3  n  1 . 0  CAL/1  II  XTAL  I  L26.5  R  3  3  //  START  Y  P  1L  1  T  :  4  M  0  0 
SAILBOAT  10  >1  r  A 1  APPROX  1*5 48  5  0  0  II  STOP  y  POL  AT  15113103  II 
HI. -0-404,3  CL -O-30?. .  1  FIN!  // 

AT  1  4  00  APPROX  TFT  S---TLL 


RUM  M'l ,  01? 

0‘<l?69  104500  310  V  IS*  01 

l'  1 1  T  H  START  l.  TTY  5  J'l  //  T  V 1  T  CAL  rUTA  IS  SA'<F  AS  FIJI  CAL  DATA  OM  RUN30 


USF;  C 

•rr'F 

MTS 

OM 

K'IN 

30 

//  ! i. - - 4 0  4,0  CL  - 0-300, 5  I  MI  T 

2  00  0 

1-1  . 

SET 

S.-.f 

L  L  > 

6- 

3P'  C  iQP 

2  n  5 

4  0-  n 

<*\  ' 

1  •* 

S  <  Y 

C  TVER, 

!  F,  -5  HAZY  STRATJS 

RUM  MU. 

310 

0  3 10  50  00 OP 00  310  1*5  01 

SPECIAL  RJM  V  l  H  STABILITY  AT  120  PEG  FlFVATlOU  A  MOLE 

H  L  -  0  -  4  0  4  ,  5  CL -0-293, 5  I  M  I  T  //  START  V  POL  AT  09  1  36  5  00  STOP  AT  p:  2  0  5  30/ 
START  H  POL  AT  1  0  5  2  7  5  0  0  STOP  AT  1  0  5  30  5.3  0  //  XTAL  I  L  ?.  4 .  S  R  3  5 
AT  091  5  60-70’-  SKY  C.  0VF  R  ;H1  R  I  7  C]M  C'JVERE'^OH  LIG-iT  vJ  I  S  P  Y  CLJ.JOSj  YIS  6-P 
AT  091  5  1-2PT  S  '•ELL 


V-21 


TABLE  v-13 


BP  ST  W TRADE  ■’*  E5  f 

E  OP E  R  T  JR F  A H 

R  )'J  OAT 

date 

HG  BULB 

OCA  THPRM 

ESS  A  T  -■»  E  R  M 

*/  E  A  T  R  r  R 

7-17-69 

299,6 

000,7 

7-21-69 

798.6 

7-27-69 

7  -  2  5  -  (S  9 

2  9  8,3 

7-29-69 

7-30-69 

799,6 

799,7 

75-01-69 

2  9  9,6 

0  6  0,4 

8-06-69 

8-06-69 

799,6 

8-07-69 

300,6 

790,8 

8-08-69 

7  99,6 

799,0 

8-11-69 

7  9  P  ,  6 

8-12-69 

796,2 

>1-13-69 

797  ,  - 

7r)8,4 

3-16-69 

7  9  8,0 

7  9  8.6 

3  i  t  R  e  A 


I 


SEA  WATER 

Date 

0200 

July  14 

297. 6  - 

15 

297. G  - 

1C 

297.6  - 

17 

297.  G  - 

18 

298.  7  - 

19 

298.7  - 

20 

298.7  - 

21 

29S.  7  - 

22 

298.7  - 

23 

299.3  - 

24 

299.3  - 

25 

299.3  - 

2G 

299.3  - 

27 

299.8  - 

28 

299.  8  * 

29 

299. 8  - 

30 

299.  S  - 

31 

299.8  - 

August  1 

299.8  - 

2 

299.8  - 

3 

299.8  - 

4 

2  99.8  - 

ft 

299.8  - 

G 

299.8  - 

7 

299.8  - 

3 

299.8  - 

9 

299.  8  - 

10 

299.8  - 

11 

298.7  - 

12 

298.7  - 

13 

298.7  - 

14 

298.  7  - 

TABLE  V-14 


TIME  -  EDST 


0500  0800  1100  MOO  1700  2000  2.300 


->  298.7 


299.  3 


->  200.  8 


-9* 


->-  299.8  298.7 


V  23 


mu  v-ir, 


AIR  TrMPERATURF  AND  RELATIVE  HUMILITY 


HATE 

time 

AIR  TFMP-F 

7-1  6-6? 

1315 

86 

63 

7-17-6? 

113? 

8  1 

75 

7-21-6? 

18  00 

77 

83 

7-?5-6? 

143? 

7? 

71 

0-91-6? 

1  3  0 

7? 

7? 

n-oi-o? 

133? 

8  2.5 

60 

9-01-6? 

170? 

7? 

33 

1  ?  3  ? 

85 

5? 

8  -  ;t  7  _  ?,  7 

l’l? 

87 

65 

8-07-6? 

2  ?  2  8 

78 

77 

R  -  0  R  -  ft  7 

no? 

87 

72 

8-08-6? 

16  00 

8  6 

63 

P-1  1-6? 

P33 

77 

72 

r.-i  l -  6 1 

no? 

7? 

71 

n-u-6? 

1  3  0  9 

7? 

66 

8-1  1-6  ? 

1 A  0? 

83 

6  9 

8-1 1-6? 

no? 

8  3 

5? 

0-1 ' -6? 

170? 

81 

72 

B  -  1  1  -  6  9 

l11  on 

78 

7? 

8-12-6? 

o?o? 

75 

02 

0-12-6? 

14  00 

31 

70 

0-12-6? 

2  ?  1  5 

75 

84 

8-13-0? 

0314 

77 

03 

8-13-6? 

1  ?3? 

78.5 

0  1 

8-13-6? 

1  340 

77 

07 

8-14-0? 

0"  30 

77.2 

91 

8  -  i  4  -  6  ? 

1  10? 

3?.  5 

0  3 

8-14-6? 

no? 

77 

91 

table:  v-ig 


water  sample  SALINITY 


pate 

TTMF 

TIDE 

SALINITY 

comments 

7-1 5-69 

1630 

»LT 

LOW  TIDE 

7-17-49 

1  730 

lt+apoin 

24,05 

NONE 

7-71-69 

1*00 

lt-hr 

25.93 

RIGHT  AFTER  l'.17lN  RAIN 

7-?5-69 

16  00 

■rlT-2  394  PM  IN 

25.95 

NONE 

n-ni-69 

12  30 

MT  +  64NI  N 

25,04 

NONE 

9-91-69 

1^00 

t  T-]  4R4;,PIN 

RIGHT  AFTER  LINE  SOJALL 

n  -  p  5  -  ('  9 

1746 

hT+?RR33MIN 

25.4  5 

AFTER  1U12  RAJ'-1  ALL  PAY 

3-46-6? 

134  6 

MT-Pl'IIN 

2  5,4p 

CLEAR  S  <  Y  »  7  -  c  T  ’AYES 

8-97-69 

1200 

LT*  4R35MIN 

21.4  1 

SKY  CLEAR, APPROX  1  F  T  S  f:  A 

55-47-59 

19  16 

n  T  +  1  4  R  9  M I  N 

24  .  5  7 

W RATHER  CLEAR 

n  -98-69 

1100 

l  T  -  ?  4 ''  I  N 

22,«8 

1-1, 5FT  SEA, CLEAR  S<Y 

n  -  9  R  -  6  9 

170  6 

MT-6  5  1 1 N 

21,90 

SUNNY,  HJMJP.C  nf'PY  2FTSEA 

9-1  1-69 

14  50 

l  T  +  6  S  9  I  N 

2  5.30 

SWELL,  PARTLY  CL9J0Y 

9-11-49 

1900 

MT- 1 9  M  I  N 

74.78 

1 T  T  SPELL, SCAT  CIRRJS 

9-1 2-69 

193*' 

9  T  +  1  -P  5  4  M  I  N 

2  5,52 

SONNY,  930  SE.A 

9-12-69 

1654 

LT+1  IR14MIN 

2  4.34 

7-3FT  IF  A  SWELL 

B-l 3-69 

94  19 

H  T- ?  9  I  N 

24,5-9 

1 -?E  T  SLA  swell 

9-1 3-69 

14  3  4 

L  T  +  ‘  4  R  1  6  M  I  N 

2  5,94 

4  r.  A  V  Y  FROM  NW.3-3.5ET 

9-14-69 

0  9  40 

H  T  -  |  -P.  B  9  I  N 

23.90 

SLA  CALM,  RAIN  EARLY  AO 

B  -  1  4  -  6  9 

1  90  6 

H  T  +  l  7  M  I  N 

SF A  CALM,  SIN  SLOW  SWELL 

9-1 4-69 

1716 

LT  +  1  I R 2  79  IN 

22,1  1 

SEA  CALM  AFTER  H  F  A  \j  Y  RAIN 

9-1 4-69 

1430 

L  T  +  9  4  R  4  ?  M  I  N 

21,99 

CALM, AFTER  RAIN  ST'OPPF.O 

T  r  1  -  SALINITY  IS  r  X  f>  R  r  S  5  f  0  IN  PARTS  PER  T  HO  ■  J  S  A  M  0 
TR  2-  SALINITY  A  V  F  R  A  G  E  OF  ALL  ''R  A  S  JRE  “•  ENTS  =  74,17 


H  Ti 


TABLE  V -18  EMISS1VITY  VS  SALINITY 
FREQUENCY  =  lb.  5  CRz 
TEMPERATURE  •-  300°  K 


Salinity 
(Parts  per 

Thousand) 

Zenith  Angle 

Emissivity 

Horizontal 

Vertical 

20 

93° 

.  0424 

.  9326 

24. 107 

95° 

.  0425 

.  9312 

30 

95° 

.0426 

.9290 

20 

100° 

.0827 

.9513 

24.167 

100° 

.0328 

.9511 

30 

100° 

.  0831 

.  9508 

20 

105° 

.1206 

.8629 

24.167 

105° 

.1209 

.  8633 

30 

103° 

.1213 

.  8638 

20 

no0 

.1562 

.7719 

24.167 

110° 

.1566 

.7726 

30 

110° 

.1570 

.7736 

20 

113° 

.  1893 

.6946 

24. 167 

115° 

.  1897 

.6953 

30 

115° 

- - - - - - — - 

.1903 

.6965 

TABLE  V-l 9  MEASURED  AND  THEORETICAL  PERMIT'ITVITY 


Sample  No. 

Measu red 

Measured 

Theoretical 

Dielectric 

Constant 
(K*  ) 

Loss  Tangent 
(tan  £) 

Computed 

Loss  Factor 
(K'!=K'  tan  £) 

Dielectric 

Constant 

K' 

Loss 

Factor 

K" 

1 

57.0 

.  505 

28.  79 

60.50 

32.  77 

6 

57.  2 

.  517 

29.57 

60.  50 

32.  77 

20 

58.  9 

.503 

29.  63 

GO.  50 

32.  77 
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TABLE  V-20 


Z.  £  N I T  V  S<V  TrMPERATU^F  AS  CALCJLATFD  F^no  RADIOSONDE  HATA 


DATE 

1  6. 

5  GHZ 

7-17-69 

7-70-6? 

7-71-6? 

8  AM 

NOON 

7-72-6? 

7-73-6? 

7-74-6? 

7-75-6? 

7-76-6? 

7-79-6? 

7-30-6? 

7-?l-6? 

11.67 

n-ni-6? 
0-95- 6? 

11.25 

0  -  "  6  -  ft  9 

1".05 

10.1? 

t 

-4 

1 

O' 

o 

3.41 

8.47 

8-03-6? 

10.20 

0  -  U  -  6  ? 

7,93 

R  - 1  ?.  -  ft  9 

7,7  8 

R-13-6? 

? .  U 

0-14-0? 

17.78 

11.47 

.5  GHZ 

3?M 

0  AM 

NOON 

0PM 

9,72 

3.76 

13,06 

4.41 

7,76 

3.52 

13.31 

4.16 

4,56 

13.69 

4.54 

10.35 

3.?1 

9.32 

3.73 

14.52 

4.71 

17.38 

4.39 

10,90 

4.01 

9,59 

3.77 

12.49 

4.09 

4.33 

13,04 

4.44 

10,60 

3.36 

1.83 

3.97 

9.74 

3.54 

3.59 

3.59 

11.37 

3.89 

4.01 

3,3  5 

3.64 

*'.5l 

6,97 

3.3? 

3.17 

12.53 

3  7  7 

4.3  6 

12,50 

4.4" 

*.11 

4,34 

\ 


TABLF  V-21 


RAIN  GAGE 


DATE 

T 1  WE 

7-21-69 

1300 

7-72-69 

1300 

7-73-69 

0600 

7-74-09 

1030 

7-25-69 

0030 

7-29-09 

1300 

5-01-09 

03  DO 

3-01-69 

1605 

n-05-69 

1710 

0-06-69 

09  00 

3-07-69 

0900 

3-11-69 

09  00 

3-1 2-59 

0900 

>-1 3-69 

0900 

3-1 4-69 

0900 

3-15-69 

03  15 

)  T  r  -  GA&P  A  S  FMPTIFH  A F  TP  R  PACH 


DATA 


GAGE  READING 

1.17 

1.35 

0.05 

0.125 

0.00 

4.25 

0.10 

O.D2(TRArF)(AETFR  SHOWER) 

2,45 
0.42 
0,00 
0.30 
0 , 00 
0,00 

(  TRACE  JR.MNFn  LIGHTLY  EARLY  AH 
1.35 

READING  B-JT  not  in  BETWEEN, 


SECTION  Y1 


DATrt.  FLOW  AND  RESULTS 


A.  Data  Analysis  Flow 


The  data  flow  is  shown  on  Figure  VI-1  A.  The  raw  radiometric  voltages  were 
recorded,  as  previously  described,  on  a  HP562  Digital  Recorder.  This  unit 
provided  one  printout  per  second  of  the  integrated  radiometric  output  voltage. 
Ten,  1-second  samples  were  recorded  for  each  data  observation  point.  The 
printout  was  on  HP  folded  paper  tape.  The  data  on  these  tapes  was  later  key 
punched  onto  IBM  cards  which  were  run  through  a  computer  program  that  con¬ 
verted  the  radiometric  voltages  to  apparent  temperatures.  This  program, 
named  MODROD,  also  processed  the  calibration  data  and  required  a  zenith 
temperature  for  a  d;ird  calibration  point.  By  utilizing  radiosonde  data  and  a 
computer  program  called  SKYTEM,  the  zenith  radiometric  temperature  was 
calculated.  The  calculated  temperature  was  a  brightness  temperature  and  the 
calibration  point  at  this  data  level  required  an  apparent  temperature.  An 
iteration  was  performed  to  provide  a  correction  to  accomodate  this  difference. 


The  apparent  temperature  data  from  MODROD  was  processed  through  a  progra 
called  APCOR4  which  provided  the  required  pattern  corrections  to  correct  the 
apparent  temperatures  to  brightness  temperatures.  APCOR4  required  an  antenna 
correction  matrix  which  was  obtained  from  ANTPT2,  a  program  which  converted 
actual  antenna  patterns  to  a  matrix  format. 


The  output  from  APCOR4  consisted  of  brightness  temperatures  at  G9  angles, 
whose  angular  value  was  depended  on  the  mesh  size  of  die  antenna  matrix.  The 
calculated  brightness  temperature  at  zenith  (i.e.  at  an  :  ngle  of  0n)  was  then 
compared  to  the  zenith  temperature  as  calculated  by  the  SKYTEM  program.  If 
the  agreement  was  noi  sufficiently  close  (generally  0.  5(  was  considered  to  he 
adequate),  the  apparent  temperature  used  as  a  calibration  point  was  adjusted  and 
the  program  MODROD  and  APCOR'.  were  re-run.  These  iterations  were  con¬ 
tinued  until  agreement  was  readied. 


Til,'  outputs  of  APCOJM  for  all  of  the  star.:!;-. ”:1  r 

,J  -  I 

iJ'- 


t.ere  dotted  for  the  coir.plett 


— file  and  expanded  plots  were  made  for  those  zenith  angles  which  in¬ 


cluded  the  sea  water  observations.  The  brightness  temperatures  calculated  from 
APCOR4  were  used  to  obtain  the  radiometric  sea  water  temperature  for  the 
vertically  polarized  runs.  This  was  done  by  the  method  described  in  Section  III-C 
using  a  compute^  program  named  ROCK  3. 


This  program  iterates  on  water  temperature  until  a  value  is  found  which  gives 
a  calculated  brightness  temperature  in  agreement  with  the  measured  brightness 
temperature.  The  criteria  for  "agreement"  was  a  brightness  temperature  within 
±  1°  of  the  measured  brightness  temperature.  The  "error"  that  this  allows  in  the 
computed  value  of  water  temperature  is  ±  (l/emissivity).  Thus  over  the  zenith 
angles  of  interest  (i.e.  31.  63n  to  130.32°)  the  error  that  will  be  allowed  by  this 
agreement  criteria  varies  from  a  high  of  ±  2°  maximum  to  a  low  of  about  ±  1°. 
ROCK  3  was  used  only  to  obtain  the  water  temperatures  of  the  vertical  runs.  It 
was  not  used  for  the  horizontal  runs  since  the  error  due  to  the  agreement  criteria 
would  be  excessive  at  angles  near  the  horizon  and  since  the  apparent  emissivity 
varied  too  much  from  the  true  emissivity.  Those  few  horizontal  runs  which  were 
tried  in  this  computer  program  would  not  finalize  in  a  reasonable  number  of 
iterations. 


ROCK  3  determines  a  value  of  water  temperature  which  satisfies  the  basic 
radiometric  equation 


Tb  =  €TW  +  (l-€)Tg 

Since  it  calculates  a  corresponding  value  of  emissivity  for  each  water  temperature, 
the  value  of  the  emissivity  will  change  each  time  the  water  temperature  value  is 
changed.  The  printout  for  ROCK  3  includes  the  computed  emissivity  and  tne  real 
and  imaginary  parts  of  die  computed  permittivity.  Since  it  was  felt  that  the 
horizontally  polarized  measurements  would  contain  sea  state  information  these 
runs  were  processed  in  a  slightly  different  fashion.  The  iteration  process  was 
not  feasible  because  of  limitations  previously  described,  therefore  a  method  was 
required  which  would  restrain  the  horizontal  emissivity  within  reasonable  bounds. 
This  was  accomplished  by  using  the  permittivity  values,  computed  in  ROCK  3  for 
the  adjacent  vertical  runs,  to  calculate  the  horizontal  emissivity.  Using  this 
value  of  emissivity,  the  horizontal  radiometric  water  temperature  was  calculated 
using  a  computer  program  named  ROCKFN.  These  computed,  restraincc  emissivity, 
values  of  water  temperature  were  not  expected  to  be  representative  of  the  thermo- 
metric  water  temperature,  but  the  shape  or  displacement  of  the  curves  might  be 
expected  to  correlate  with  the  observed  sea  state. 
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In  order  to  go:  a  ret  of  "reference  curves 
the  radiometric  water  temperature  based  on  the 
and  emissivity  for  sea  water  at  299  K. 


,  I’CCKI  '  v,  ,  also  used  to  cun. rate 
ti'-Ooretical  values  of  permittivity 


A  more  direct  approach  lo  determine  the  sea  state  dependency  of  the  horizontally 
polarized  measurements  would  be  to  calculate  the  emissivity  directly  from  the  measured 
data.  The  basic  radiometric  equation  car.  be  used  to  solve  for  the  emissivity  as  follows: 


Tb  =  €Tw  +  "  f>Ts 

T  -  ^Tw  +  Tg  -  CTg 

Tb  =  f  <Tw  "  Ts)  +  Ts 


=  Tb  -  Ts 


(3) 


(4) 


The  derived  emissivity  for  both  the  horizontal  and  vertical  runs  was  calculated 
using  equation  (4)  in  computer  program  EMISS.  The  brightness  temperatures 
and  sky  temperatures  are  obtained  from  the  APCOR4  output.  An  arbitrary  value 
of  water  temperature  (T,y)  of  299°K  was  used. 


In  order  to  allow  for  the  non-specular  surface  of  the  actual  sea  water,  the 
value  of  sky  temperature  (Tg)  was  actually  an  average  over  a  cone  of  angles 
about  the  nominal  angle.  In  order  to  easily  accomodate  the  input  data  format 
this  angular  cone  was  defined  in  terms  of  a  constant  cosine  differential.  This 
cosine  difference  was  in  turn  defined  in  terms  of  (he  antenna  mesh  size  (m). 


Thus 


B 

^  max  ~ 

n 

u  min 

COSp  mjn  -  cost? 

“  2(4> 

cos 0  -  cos 6  max 

=  2<4> 

c°sf?min  -  cos0  max 

-  4<4> 

cos 0  min  -  COS 6  max 

=  4(  ' 

0.117G5 

where 


e 

^  o 
0 

max 


nominal  angle  of  reflected  source 

cone  of  angles 

upper  limit  of  angular  cone 


m  -  mesh  size  =  ,*M 

6  .  -  lower  tin  it  of  angular  cone 

nun 


The  cosine  dilferential  used  was  (iris  value  of  0.  117G5  which  defined  the  cone  size. 
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The  stability  runs  and  the  switched  polarisation  run:-:,  to  not  contain  measure¬ 
ments  at  angles  other  than  that  ot  tne  particular  observation.  Thus  the  elevation 
profile  for  these  runs  is  not  defined-  Therefore  they  were  only  processed  to 
determine  the  apparent  temperatures  corresponding  to  the  measured  data.  This 
processing  was  accomplished  in  a  modification  of  the  MOPROD  program,  called 
RODMOD. 


B.  Data  Tables  and  Plots 

A  typical  computer  printout  of  the  MO  DROP  program  is  shown  in  Tables  VI-1A 
and  IB.  Page  1  of  this  output  lists  the  run  information  and  the  calibration  para¬ 
meters.  The  minimum  and  maximum  calibration  tempo  'ature  are  the  cold  and 
hot  load  temperatures  referred  to  the  antenna  input.  The  k  factor  is  the  slope 
of  the  best  fit  straight  line  between  the  three  calibration  points.  The  calculated 
maximum,  minimum  and  zenith  temperatures  are  the  temperatures  represented 
by  the  calibration  data  points  for  the  hot  load,  cold  load  and  zenith  sky.  The 
amount  by  which  these  values  differ  from  the  maximum  and  minimum  calibration 
temperatures  and  the  zenith  sky  temperature  is  indicative  of  the  fit  of  the  best 
straight  line  calibration  curve.  The  comments  for  the  run  are  also  printed  out 
on  this  page. 

Page  2  of  this  output  tabulates  the  radiometric  voltage,  and  the  computed 
apparent  temperature  for  each  of  the  zenith  angle  measurements.  Each  radio- 
metric  voltage  is  the  average  of  ten  one  second  readings.  The  tabulated 
tolerances  represent  the  maximum  and  minimum  of  these  ten  readings  converted 
to  a  temperature  difference.  This  tolerance  was  used  for  a  variety  of  purposes. 
First  it  highlights  any  key  punching  errors,  second  it  identifies  points  of  possible 
interference  and  third  it  is  a  gross  representation  of  the  sensitivity  of  the  equip¬ 
ment. 


Tables  VI-2  through  VI -41  are  the  computer  printouts  from  the  APCOR4  program. 
These  provide  a  tabulation  of  the  apparent  and  brightness  temperatures  as  a 
function  of  zenith  angle,  figures  VI-2  *.h  rough  VI-39  are  standard  plots  of  the 
apparent  and  brightness  temperature  ai  d  Figures  Vl-40  through  VI-77  are 
expanded  plots  showing  the  temperature  variation  over  the  water.  These  plots 
maybe  analyzed  more  readily  it  the  environment  profile  is  known.  Figure  VI-115 
describes  the  profile  ami  shows  the  observation  zenith  angles,  file  sea  water 
observations  were  limited  to  a  zenith  angle  range  between  90°  and  approximately 
126°.  Near  the  zenith  angle  of  12(>'‘  the  antenna  beam  intercepted  the  large  rip¬ 
rap  boulders  which  surrounded  the  island. 
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The  9.o  0Hz  curves  are  included  in  the  standard  plots  (Figures  Yl-33  thru  VI-39), 
but  as  previously  discussed  their  value  is  questioned  as  there  was  interference 
present  at  this  freouency.  Three  other  curves  merit  special  mention  at  tins  point. 

Runs  11  and  12  (Figures  VI-9  and  Vl-10)  were  taken  while  it  was  raining.  The 
general  shape  of  the  curves  and  the  high  sky  temperatures  cast  doubt  on  their 
validity.  The  socond  set  of  curves  in  these  figures  represent  a  two  point  calibration 
(tbe  first  set  uses  a  three  point  calibration).  Run  35  (Figure  VI-31)  was  taken 
when  there  were  heavy  thunder  squall  clouds  on  the  observation  azimuth  and  prob¬ 
ably  some  heavy  rain  3  to  5  miles  from  the  observation  site.  This  accounts  for 
the  relatively  high  temperature  just  above  the  horizon. 

The  expanded  plots  of  the  9.5  GHz  runs  are  shown  in  Figures  VI-71  thru  Vi-77. 

The  16.  5  GHz  expanded  plots  are  shown  in  Figures  VI-40  thru  VI-70.  The  temperature 
rise  as  the  antenna  beam  intercepts  the  large  boulders  at  the  island  edge  is  obser¬ 
vable  on  all  these  plots  at  a  zenith  angle  of  about  126°.  The  computer  printouts 
from  ROCK  3  are  reproduced  in  Tables  VI-42  thru  VI-61.  The  computed  sea  water 
temperatures  from  ROCK  3  are  plotted  on  Figures  VI-78  thru  VI-96.  The  thermo¬ 
metric  water  temperature  over  the  total  period  of  measurements  was  within 
about  ±  1.5°  of  299. 5°K.  The  computed  water  temperatures  are  in  agreement 
with  this  thermometric  temperature  on  all  of  the  16.  5  GHz  plots  (with  the  exception 
of  Run  11)  at  a  zenith  angle  that  falls  in  the  range  of  103°  to  114°.  Thus  a 
possible  range  of  the  invariant  angle  is  suggested.  The  average  value  of  this 
invariant  angle  is  109°. 

ROCKFN  computed  the  apparent  sea  water  temperature  for  the  horizontal  runs 
using  the  permittivity  values  calculated  in  the  adjacent  vertical  runs  by  ROCK  3. 

This  restrained  the  allowable  horizontal  emissivity  values  and  hence  the  output 
plots  are  referred  to  as  restrained  emissivity  curves.  The  output  data  for  the 
16.5  GHz  horizontal  runs  is  plotted  in  Figure  VI-97  thru  Vl-111.  The  apparent 
sea  water  temperature  is  quite  different  than  the  thermometric  temperature. 
Examinations  of  these  curves  lias  shown  no  correlation  with  sea  state. 

ROCKFN  also  computed  the  apparent  sea  water  temperature  for  both  the 
horizontal  and  vertical  runs  using  the  theoretical  value  of  permittivity  for  sea 
water  at  299°K.  This  set  of  reference  curves  is  plotted  in  Figure  VI-112  thru 
VI-126. 

The  derived  cmi.ssi vitics  from  the  computer  program  EMISS  are  plotted  in 
Figures  VI-127  thru  VI-163.  The  computer  printouts  for  the  derived  emissivity 
are  reproduced  in  Tables  VI-62  thru  VI - 00.  No  direct  correlation  with  sea  state 
has  been  found  in  either  the  horizontal  or  vertical  emissivity  plots. 
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The  radiometric  measurements  from  the  stability  runs  and  the  switched  polari¬ 
zation  runs  have  only  been  converted  to  apparent  radiometric  temperatures.  These 
are  plotted  on  Fixtures  VI-164  thru  VI-182  for  the  stability  runs  and  on  Figures 
VI-183  thru  VI-151  for  the  switched  polarization  runs.  Figures  VI-192  and  VI-193 
are  plots  of  a  9.  5  GIIz  zenith  stability  run.  These  9. 5  GHz  curves  show  severe 
interference  toward  the  end  ol  the  run.  These  runs  are  plotted  as  a  function  of 
time,  each  plot  presenting  a  total  time  interval  of  1000  seconds  or  about  16-2/3 
minutes.  Those  stability  runs  which  took  longer  than  that  were  plotted  on  succes¬ 
sive  plots. 


The  horizon  check  runs  were  made  at  both  16.  5  and  9.  5  GHz.  These  runs  were 
made  at  a  zenith  angle  of  90°  and  through  a  full  360°  rotation  in  azimuth.  These 
runs  were  plotted  on  the  computer  but  are  not  included  in  this  report  since  they 
are  quite  long. 


The  9.5  GHz  run  showed  severe  interference  at  many  points.  Some  of  these 
were  concentrated  near  the  Norfolk  Navy  Yard  and  Hie  Norfolk  Municipal  Airport, 
others  were  in  areas  where  no  specific  local  source  could  be  identified.  The 
apparent  radiometric  temperatures  over  the  360°  azimuth  rotation  varied  from  a 
high  of  498.  9°K  to  a  low  of  178.  8°K  for  vertical  polarization  and  from  456.  4K  to  123.  6 
for  horizontal  polarization. 


The  16.5  GHz  horizon  check  produced  a  much  smoother  curve,  indicating  much 
less  interference.  The  apparent  radiometric  temperature  ranges  from  239.  3°K  to 
166.  7°K  with  the  highest  consistent  temperatures  being  observed  when  the  antenna 
was  viewing  the  brick  ventilation  building  on  the  island.  The  nominal  building 
temperature  was  about  220  K,  about  50°K  above  the  nominal  horizon  temperature 
of  170°K. 


SKY  T  EM 
program 


Raw 

RADiOMETRic. 

VOLTAC-e 

Data 


moo Rod 

PROGRAM 


ANT  EN/m.R 

'Pattern 

Data 


ANTPT2 

PROGRAM 


APCORA 

PROGRAM 


I 

-?-■ 


plotter]  sto-  f 
^  Expanded 

PLOTS  OF 

Ta  f  Tft 


Rock  3 
PROG,  RAM 


Rockrn 

Program 


VA/AT  t=  R. 


Plotter  i  tcm p, 


PlCi  s  Fr : 
t'cCT.  P- 


LOTPErI  K^TRA.NED  ( 

^  I  Perm  \T  Tivir)  l 
' - 1  Pcots  X 


^  ■  |  ('^W*>7Awr 

Plotter  pawns  ^itT 

•v _ I  KCFP«ewcE 

Pld  rs 


Em  V  5S 
"PROGRAM 


Plo r T  ELr]  'ry 

v  Plots 


RUN  17 


PAGE  1 

DATA  DATE  08/07/69 

START  TIME  165500 

FREQUENCY/GHZ  16,5 

polarization  h 

antenna  azimuth,oeg  310 

Integration  time/Sec  oi 

Zenith  skytemp  ie,o 


calibration  oata 

INITIAL 

CAL2 

CAL3 

final 

MIN,  CAL.  TEMP/DEG.K 

307.91 

307,35 

307.19 

307.09 

MAX/  CAl.  TEMP/DEG, K 

408.81 

408,04 

410,75 

409.15 

K-FAC,#DEG,K/MV, 

0.2498 

0.2494 

0.2491 

0.2487 

Y-INTEKCEPT/  DEG.K 

-1372.22 

-1370,22 

-1369,19 

-1363,43 

Calibration  constants 

INITIAL 

CAL2 

CAL3 

final 

hot  load 

401,50 

400,90 

403,50 

402,00  * 

cal  wgs  -  min 

317.40 

317,30 

317.00 

317,00 

CAL  WGS  -  MAX 

317.80 

317,70 

317,50 

317.50 

wave  GUIDE  SWITCH 

313.00 

314,00 

314,50 

315,10 

antenna 

300.90 

301,50 

301,50 

301,00 

COLD  LOAD 

3o7 , 00 

306,60 

306.50 

306,40 

AVERAGE  cal.data-max. 

7130.90 

7127,20 

7146.50 

7128,00 

-MIN. 

6726.00 

6729,70 

6728.50 

6717,70 

-ZENITH 

5566,00 

5565,10 

5569.20 

5555,60 

CALC,  MAX  TEMP. 

408.91 

407,33 

410.99 

409,22 

CALC,  MIN  TEMP, 

307.78 

308.24 

306.87 

306.99 

CALC,  ZENITH  TEMP, 

18.04 

17,77 

18.09 

16,02 

comments 

2-5  %  CIRRUS  CLOUDS  DRIFTING  OVERHEAD 
1  FOOT  SWfU  6-8  INCH  CHOP  HIND  SOUTH  5-l0  MPH 
HL-0-401.3  CL-0-307,0  I N I T  //  Hl-0-400.9  CL-0-306,6  CAL2  // 
HL-0-403,3  C  1.-0-306, 5  CA13  //  HL-Q-402.Q  CL-0-306,4  F INI  // 


TAP  J.E  VI  -1A  SAMPLE  MODPOD  OUTPUT 


PAGE 


2 


RUN  17 


data  date 
start  time 
frequency.*  ghz 

POLARIZATION 


08/07/69 

1655 

16.5 

H 


ZENITH 

apparent 

readings 

TOLERANCE 

angle 

temp 

MV 

+  DEG 

-DEG 

DEG 

DEG  K 

0.0 

13.8 

5549, 

1.9 

2.5 

20.0 

20.7 

5577. 

2.6 

1.6 

40,0 

27.7 

5605, 

1,3 

1.5 

50,0 

32.8 

5625  a 

1.2 

2,0 

60,0 

42.9 

5666, 

1.5 

1.9 

70.0 

56.5 

5720. 

1.7 

3.1 

80.0 

83.0 

5826. 

3.1 

2.3 

55  s  0 

1 2  0 ..  2 

5976. 

2.8 

2.4 

90.0 

162,9 

6147. 

1,6 

1.9 

95.0 

116.3 

5960. 

2.7 

3.5 

10C.O 

112.6 

5945. 

2,0 

2.3 

102.0 

113.8 

5950. 

2.4 

2.3 

104.0 

115.5 

5957, 

3.9 

2,3 

106,0 

115.8 

5959, 

2.8 

4.2 

108,0 

120.2 

5977, 

1.6 

1.6 

110. 0 

123.5 

5990. 

0.9 

1.6 

112.0 

126.8 

'  "04 , 

3.1 

3.1 

1 1 A  ,  0 

129.1 

6013. 

1.0 

1.7 

116,0 

134.3 

6034, 

3,7 

2.1 

118.0 

137.3 

6046, 

1.9 

1.1 

120.0 

141.7 

6064, 

1,9 

3.1 

122.0 

144.4 

>076. 

2,1 

2.1 

124.0 

150.5 

6100. 

2,9 

2.3 

126.0 

1&1.2 

6143. 

2,9 

1*8 

128.0 

201.3 

6306. 

3,4 

5,3 

130.0 

249,9 

6500, 

0,0 

0.0 

140.0 

283.7 

6633, 

0,9 

0.8 

150.0 

287,8 

6647, 

1.7 

2.0 

160.0 

279.7 

6613, 

1.8 

1.4 

170.0 

213.6 

6344, 

3.4 

2.3 

180,0 

196.4 

6273, 

2.5 

1.5 

TABLE  VI  -  IB  SAMPLE  MOPBOP  (  TPUT 


VI- 1) 


o 

i 

n 

:  o 

i 

i 

!  o 

» 

!  o 

t 

:  o 
!  o 
i  o 

i 

o 

r\ 

Vwl' 

o' 

o 

o 

o 

o 

► 

o 

•  o 

/-\ 

vy 

1  o’ 

; 

I  — ' 

o 


c 

c 


ftUN  no.  1  07/25/6%  ^  PDIAR.  9.5  OHZ 

ITERATION  NUMBER  0 


enitm  angle 

BRIGHTNESS 

APPARENT 

CDRRECTIO 

( DEG ) 

TEMP.  (OEG  K) 

TEMP.  (OEG  HI 

TEMP.  (OEG 

0.00 

3.41 

10.68 

-6 . B698 

13,93 

10.35 

14.85 

-4.8023 

19.75  • 

13.08 

17.55 

-4.4724 

2*.  2? 

15.69 

20.03 

-4.3377 

28.07 

12.74 

22.39 

-3.6482 

31  .47 

15.81 

21.58 

-5.7704 

34.56 

19.48 

24.44 

-5.0592 

37.43 

23.05 

27.78 

-4.7283 

40.12  . 

27.09 

31.52 

-4.4310 

42.67 

31.12 

35.59 

-4.4696 

35,10 

41.25 

42.91 

- ( .8549 

47.43 

45.29 

46.88 

-1.5631 

49.68 

48.54 

49.88 

-1.3280 

51.86 

50.94 

52.03 

-1.0907 

53.97 

52.75 

53.44 

-0.6851 

56.03 

47.15 

50.90 

-3.746? 

38.03 

48.58 

52.08 

-3.4792 

*0.00 

50.10 

53.64 

-3.4510 

61.93 

52.03 

55.63 

-3.5961 

63.82 

54.04 

58.00 

-3.9569 

63.66 

62.31 

63.68 

-1.3534 

67.52 

64.34 

86.05 

-1.7158 

69.33 

63. ■‘8 

88.00 

-2.0212 

71.12 

67.25 

89.53 

-2.2801 

72.90 

68.50 

70.68 

-2.1644 

74.65 

70.03 

71.40 

-1.3671 

76.39 

52.59 

62.55 

-9.9820 

78.12  ■ 

57.35 

85.68 

-8.3151 

79.84 

6  3,43 

70.72 

-7.2916 

81.34 

71.24 

77.72 

-5.4796 

83.24 

97.07 

91.54 

0.5339 

64.94  • 

99.00 

97.73 

1.2711 

86.63 

102.30 

100.91 

1.3862 

88.31 

93.97 

97.42 

-3.4540 

90.00 

94.77 

98.34 

-3.5708 

91.69 

96.57 

100.04 

-3,4757 

93.37 

95.76 

100.97 

-5.2082 

95.06 

101.31 

105.89 

-4.5B30 

96.76 

109.75 

113.24 

-5.4935 

98.46 

126.45 

125.51 

1.1380 

100.16 

138.16 

134.95 

3.2127 

101.63 

153.16 

144.44 

8.7216 

103.61 

165.41 

149.49 

15.9222 

103.35 

96.89 

112.23 

-15.3364 

107.10 

96.31 

110.49 

-14.1748 

108.38 

116.24 

122.33 

-6.1421 

110.67 

1 3  A . 32 

135. ''-I 

-1.0924 

112.48 

147.23 

145.53 

1.7022 

114.32 

171.57 

158.78 

12.8056 

116.18 

1,6.28 

138.71 

-2.4347 

118.07 

102.14. 

118.44 

-16.3042 

120.00 

93-07 

114.10 

-21.0265 

121.97 

127.51 

136.57 

-9.0567 

123.97 

140.61 

152.62 

•12.0120 

126.03 

208.00 

198.57 

9.4207 

128.14 

235.37 

225.17 

10.1994 

130,32 

286.08 

262.39 

23.6906 

}32,»7 

314.16 

285.89 

30.2666 

114.90 

330.34 

294,99 

35.3470 

137.13 

264.98 

259.03 

5.9412 

139.18 

272.27 

280.59 

11.6778 

l*2.»7 

274.64 

262,88 

11.7609 

H  S'.  4  4 

286.13 

270.69 

15.4431 

148,51 

287.34 

272.66 

14.6833 

181.93 

284.13 

271.71 

12.4115 

ICS, 75 

294,58 

275.81 

18.7650 

16Q.25 

275.37 

254.69 

20.6805 

166,07 

140.06 

187.62 

-27.5621 

|8Q.0Q 

146,89 

160.50 

•13.6076 

Mi,  CORRECT ! ON  ■  7.90E  00  DEC,  K 


rfATE  A 


O 


TABLE  VI -2.  APCOR4  OUTPUT 


VI-10 


c 

HUN  HQ,  I  07/25/69  V  POUR,  9',!  0H2  SEA 
®  ITERATION  NUMBER  0 


o 

zenith  ancle 

BRIGHTNESS 

apparent 

CORRECTION 

(Deg) 

TEMP,  (0EG  K1 

TEMP.  (DEG  K) 

TEMP.  (DEG  i 

0.00 

3,67 

21.64 

-17.9661 

o 

13.93 

62.50 

66.33 

-2.0475 

19,75 

69.19 

52.26 

-3.0736 

o 

76.25 

56,65 

57.60 

-2.8286 

21.07 

58.71 

61.60 

-2.6941 

31.67  • 

60.07 

63.61 

-3.5799 

36.56 

62,59 

66  27 

-3.6846 

o 

37,63 

66,63 

68.61 

-3.9830 

60^12 

66.63 

70.70 

-4.2752 

62.67 

67.9* 

72.58 

-4.6450 

c 

65. JO 

71.30 

75.30 

-4.0072 

67.43 

72.32 

76.62 

-4.2995 

r 

69.68 

72.86 

77.61 

-4.5443 

51.66 

72.92 

77.71 

-4. 7851 

53.97 

72,61 

T7.57 

-4.9532 

56.03 

68,21 

75.25 

-7.C3A8 

r'' 

56.03 

67,59 

76.93 

-7.3431 

60.00 

66. «9 

76.83 

-7.8430 

6J.93 

66.50 

76.93 

-8.4334 

f  % 

63,  82 

66.21 

75.22 

-9.0133 

65.68 

66.21 

73.7* 

-9.5261 

6? . '  i. 

66.30 

76,37 

-10.0769 

69. 33 

66,52 

.  77.17 

-10.6504 

>1. 12  . 

67.01 

78.11 

-11.1066 

72.90 

68,36 

79.20 

• -10.8467 

o 

76,65 

70.98 

80.64 

-9.4625 

76.39 

63.15 

67.69 

-22.5469 

7E  1 12 

56.27 

73.98 

-19.713? 

-> 

79.66 

66.65 

86.00 

-17.3588 

*1.56 

82.81 

97.70 

-14,8933 

«3.26 

100.40 

113,74 

-13.3384 

86,94 

126.33 

133,89 

-9.5660 

86.63 

158,10 

*32.93 

-4.8300 

88.31 

220.61 

205,97 

14.4371 

90.00 

230.88 

231.63 

14.9318 

91.69 

273,06 

250.93 

22.1133 

r-s 

93,37 

286.06 

262,87 

23.1667 

*N- 

95.06 

296.82 

270.33 

24.4756 

96.76 

296,92 

272.36 

24.5462 

98.46 

275.20 

263.07 

16.1249 

100.16 

276,30 

260.78 

15.7188 

, 

101.08 

276.16 

259.48 

16.655* 

103.61 

267,29 

233,50 

13.7673 

105.35 

260,00 

247.72 

12.2813 

107.10 

2*3,70 

238,23 

7.4/30 

108.68 

23’. 62 

232. 17 

5.4536 

110.67 

236,79 

230. ’2 

6.5684 

1)2.48 

232,64 

226.09 

6.3539 

/•"S 

116,32 

227.18 

220.63 

6.5241 

116,18 

196,79 

201,93 

-5.165* 

118.07 

190,25 

195.7? 

-5.5025 

C- 

120.00 

186.39 

192.15 

-5.7562 

121.97 

176.51 

187.61 

-10.4979 

123.97 

178,74 

190.99 

-12.7512 

126.03 

208,66 

212.88 

-*.2201 

128.16 

233.71 

246.07 

9.5440 

130, ’T 

273,36 

It>2 .66 

12.7007 

132.57 

290,70 

275.38 

15.3572 

136,90 

299.12 

282.37 

17.7572 

137.33 

273,10 

267,65 

5.6466 

o 

139.88 

27« « 31 

268,83 

7.6772 

162,57 

7. 76,80 

239,31 

7.491* 

1*5.66 

277.17 

269.68 

7.4860 

r~- 

148,33 

276.33 

267.91 

5.6177 

151.93 

268,00 

266.09 

3.9049 

155.75 

280.83 

268-39 

.  12.2628 

/—• 

160.25 

239,91 

245,30 

14.6043 

166.07 

116.73 

152.17 

•35.4363 

C 

180.00 

*17,76 

140  54 

-22.7710 

ABS  CORRECTION  •  1.06E  01  DEC.  K 


r 


* 


WATER 


T.APLE  VI -3.  APCOH4  OUTPUT 


VI-11 


Rv.M  NQ,  4  07/29/69 


POLAR,  16’.  5  GHZ  •  SEA  A  A1ER 


o 


ITERATION  NUNdtR 


0 


ZENITH  A rJ C t. E 

BRIGHTNESS 

APPARENT 

CORRECTtQ 

(DEO) 

TEMP,  (DEG  K> 

TEMP.  ( 0EG  K> 

TEMP.  (PEG 

0.00 

12.43 

27.13 

.14.2759 

r 

13.9? 

31.37 

36.30 

.7.1222 

19.75 

34,73 

42.61 

-7.8792 

24.25 

37.18 

43.54 

-6.3570 

o 

?6  1 07 

37.35 

47,25 

-9-6990 

3). 47 

40.42 

50,41 

-9.9C24 

34.56 

43,69 

53.94 

-10.2431 

c 

37.43 

45.40 

56,86 

-11.4539 

4  C ,  1 7 

50,62 

61.91 

-11.2844 

42,67 

34,29 

67,76 

-11.467? 

o 

45.10 

70,22 

78.09 

-7.8713 

47. *3 

76.71 

44.36 

-7.6677 

49,64 

82,35 

89.71 

-7.3579 

r\ 

31.06 

86.49 

94.18 

-7.2961 

o 

33.97 

90.62 

97.88 

-7.0650 

36,03 

86,91 

97.37 

-10.4590 

o 

34.03 

90.68 

100.91 

-10.2322 

60.00 

94,78 

104,96 

-10.1805 

61.93 

99,81 

109.50 

-9.9916 

o 

63.82 

105,04 

114.50 

-9.4656 

65, 6R 

106.13 

118.43 

-10.3052 

67.52 

115,24 

124.68 

-9.4440 

69.33 

123.26 

131.76 

-3.4927 

V  .* 

71.12 

132.33 

139.63 

-7.3032 

72.90 

142,39 

148.30 

-3.9052 

74.6! 

153.25 

157.72 

-4.47  .6 

76.39 

169.97 

170.36 

-C.3808 

76.1? 

181,66 

180.46 

1.1945 

79,64 

193,75 

190,69 

3.0624 

81.54 

206,13 

201,03 

3.0'  7 

„ .. 

"3.24 

214.83 

211.36 

7.2690 

84,94 

231.62 

2<2.lh 

9.4490 

66,63 

244,46 

232.69 

11.5705 

68.31 

264,13 

246.84 

17.3069 

90.00 

273,27 

254,69 

14.3851 

91.69 

276.64 

23V, 51 

19,1308 

93.37 

774,91 

256,51 

13.999T 

0 

93.06 

275,72 

260.21 

15.5166 

96.76 

275. ’5 

260.57 

14.7839 

96.46 

273,90 

261.56 

14.3445 

o 

100.16 

27  >,C3 

240.  /  9 

13.2575 

101 s  86 

270,99 

259.08 

11.9090 

103.61 

266,11 

2  5-  •  3-* 

8. 7663 

A 

105.33 

264.94 

255.31 

9.4384 

o 

107.10 

iu 1,31 

250,42 

8.0&16 

108.8! 

257,02 

2  50,58 

6.4490 

110.67 

202/38 

24'r  .56 

3.0189 

o 

112  48 

247,21 

243.91 

3.2993 

U*,32 

241,04 

240.03 

1,8036 

Os 

116.16 

231,23 

233.46 

-2.2066 

o 

118,07 

226,33 

231.05 

-2.5064 

120,00 

223.09 

227.42 

-4.3264 

121.97 

216,69 

22i. 3(. 

-4-6704 

c 

123.97 

206,58 

218.81 

•  10.2448 

126.03 

207,17 

218,74 

-11.5692 

c 

. 

211.19 

223,56 

-12.3135 

243,90 

245. B6 

0.0407 

..  4. 

HI.  37 

260. j;  . 

26w»  7 1 

6.4097 

134.9,7 

ZP’jU 

274,2! 

10.5623 

137.3? 

277,23 

272.14 

5.10  v 

. 

139,86 

20-1,32 

273.30 

8  0215 

0 

142.37 

251,93 

242,39 

9.3375 

145.44 

292,29 

263.44 

8.6444 

146.53 

292,13 

283.33 

«  79;.; 

n 

131,93 

296,63 

280.83 

7.9813 

133.73 

281,16 

2T4.88 

6.2741 

t 

160.23 

26!. 43 

264.10 

4.3302 

166.07 

236,16 

239.94 

-3.7821 

180,00 

170,04 

200,98 

■  30.5427 

'•  A6S,  CORRECTION  ■  8.9JE  00  DEC.  K 


C 


TABLE  VI-4.  APCOIK  OUTPUT 


-12 


O 


9 


RUN 

NO.  5  08/01/69 

V  POLAR, 

16.5  3H2 

0 

ITERATION  NUMBER  0 

. 

2ENITH  ANCLE 

BRIGHTNESS 

APPARENT 

correction 

r 

I  DEC ) 

TEMP,  (DEC  K)  TEMP,  (DEC  X) 

TEMP.  (DEC 

0,00 

12,60 

19,37 

-6.7699 

C 

13.9? 

20.94 

24,62 

-3.6812 

19.75 

23.38 

27.22 

-3.8381 

14.25 

25,41 

29.40 

-3.9864 

n 

28.07 

27.13 

31,36 

-4.2315 

31.47 

28,10 

32.90 

-4.8015 

34,55 

29,55 

34.69 

-5.1381 

n 

37.43 

30,91 

36.46 

-5.5518 

*0.12 

32.10 

38,22 

-6.1162 

42,67. 

33.11 

39,97 

-6,8631 

*5,10 

34.16 

41.78 

-7.6212 

o 

47,43 

35,08 

43.52 

-8.4370 

49,68 

36.01 

*5.2i 

-9.2204 

o 

51.86 

36.97 

46 1  V’ 

-9.9618 

53.97 

38.10 

4  8.62 

-10.5241 

56,03 

37,10 

49,23 

-12.1279 

o 

58.03 

38.66 

51.26 

-12.6043 

60.00 

40,51 

53.64 

-13,1345 

61.93 

42,78 

56.34 

-13.5582 

o 

63.82 

45.58 

59.3* 

-13.7568 

65.68 

47,17 

51.82 

•14.6473 

67.52 

50,98 

65.59 

-14.6107 

r 

69,33 

55.32 

y ,  8  •> 

-14.5419 

71.12 

60.25 

>4.6:. 

-14.3559 

72.90 

65.89 

79.81' 

-13.9384 

76.65 

72.39 

85.50 

-13.1137 

\  •' 

76.39 

72,69 

16,28 

-15.5947 

78.12 

81.59 

75.99 

>•14.3051. 

79.84 

91.80 

134.99 

-.3.1931 

«1.54 

103.84 

115.27 

-11.426) 

83,24 

107.20 

121.86 

-14.6502 

r 

84.94 

128.89 

139.37 

-10.4736 

86.63 

158.19 

163,10 

-4.9073 

88.31 

225,55 

206.03 

17.5220 

o 

90.00 

252.22 

229. IB 

23.0359 

91.69 

272,73 

2*5.35 

26.8790 

93,37 

7.74,81 

250,7* 

24.0733 

c 

95,06 

281.53 

256,96 

24.5663 

96,76 

284,15 

.’60.14 

24.00*8 

98.46 

276,65 

157 , 4  2 

19.2329 

0 

100,16 

275.80 

257,70 

18,1059 

101.85 

275,00 

257.94 

17.0623 

103.61 

276,97 

259.21 

17.761? 

o 

105.33 

267,36 

25  v.! 7 

13.1947 

107.10 

262,27 

251.26 

il.C‘~4 

108,88 

260,35 

250.10 

10.2526 

110.67 

258,66 

2*8,95 

9.708* 

0 

112.48 

250,87 

2*4.44 

6.4260 

114,32 

244,04 

2*0.31 

3.7256 

116,1« 

241,26 

238,2* 

3.9221 

118.07  . 

232,55 

233.25 

-0.698? 

120,00 

228,12 

230.70 

. 575* 

C 

121,97 

127.53 

230.41 

-1.880  , 

123,97 

110.47 

226,99 

-6.5235 

126.03  ■ 

111.58 

223.59 

-U  ,9908 

128,1* 

219.19 

231.36 

-12.1682 

130.32 

267,96 

262.90 

5.0577 

. 

132.57 

298.82 

255.50 

13.3198 

134.90 

318,24 

299.30 

18.3345 

137.33 

293,67 

288.21 

5 . *  57? 

139,68 

304.44 

235.03 

9.4367 

1*2,57 

311.13 

300.35 

10.7726 

D 

145,44 

313,79 

303,02 

10.7114 

1*8.53 

315.73 

304.62 

10.9077 

151,93 

314,65 

304,64 

10.0126 

155.75 

316.15 

304.56 

11.5732 

160.25 

304,67 

274,35 

.  10.3254 

o 

166,07 

256.12 

250.21 

-4  .0872 

180.00 

180,40 

215.09 

•34.6918 

C  ABS  •  CORRECTION  f  l, J5I  01  QfO,  K 


rfATER 


TABLE  VI-5.  APCORT  OUTPUT 


VI  - 1 3 


RUN  NQ 


6  08/01/6* 


H  •'  POLAR,  16‘.  ?  GHZ 


SEA  WATER 


o 


Q  ITERATION  number  0 


> 

zenith  ancle 

BRIGHTNESS 

0 

(DEC) 

TEMP,  (DEC 

0.00 

12.91 

p 

13.93 

13,64 

19.75 

14,74 

24.23 

13,  o* 

28.07 

17,34 

O 

31.47 

16,62 

34.36 

18,22 

p 

37.43 

19,88 

*0.12 

21.73 

*2.07 

23.78 

P 

45.10 

23.60 

•w 

*7,43 

28.21 

*9.68 

31.13 

r' 

31,86 

34.31 

v> 

33.97 

37.63 

36.03 

42,68 

o 

38.03 

45,99 

60.00 

49,23 

61.93 

32,42 

p 

63.8 » 

53,73 

63,68 

54.28 

67,32 

58,04 

69.33 

62,29 

71.12 

67,18 

72,90 

73.02 

74.63 

80.13 

76.39 

73.40 

78.12 

89,07 

c 

79.8* 

98.79 

81,34 

114.91 

8  3  ii  2  * 

143,24 

S-~\ 

84„94 

159,66 

B  6 1, 6  3 

173.29 

88  „31 

198.37 

90,00 

199.39 

91.69 

190.29 

, 

93.37 

143.26 

c 

93.06 

129.48 

96*76 

120.79 

98,46 

124.88 

o 

100.16 

122.10 

101.88 

120.39 

103,61 

120,07 

A~\ 

103,98 

119,33 

L 

107.10 

122,74 

108.89 

126,04 

c 

110,67 

127,90 

lU.AR 

127,91 

' 

i 

114.32 

131.39 

r 

1 

116,18 

133,24 

; 

118,07 

133,00 

(20, 0Q 

139,87 

r'"% 

[21,97 

140.34 

123,97 

140,63 

[26.03 

147,99 

128.14 

l*r. 61 

130,32 

277,09 

* 

132,37 

£26.36 

p 

,34,90 

153,17 

137.39 

273,43 

139.88 

289,49 

o 

l*2t37 

296,11 

1*3,4* 

308 , 8 ) 

1*8.33 

313,33 

O 

HI. 99 

133.73 

314,42 

3H.29 

160.23 

306.14 

P 

166.07 

134,65 

180,00 

1 

131,28 

0 

ASS, 

CORRECTION 

•  9. 11E  00 

APPARENT  CORRECTION 

temp,  (DEC  K  >  TEMP,  (DEC  K) 


16,36 

-3.8327 

17.51 

-3.0753 

18,89 

-4.1514 

20.31 

-4.3945 

21.77 

-4.4382 

22.14 

-3.5177 

23.86 

-3.6361 

23.74 

-3.9106 

27,89 

-6.1626 

30.13 

-6.3511 

32,26 

-6. 6581 

34.81 

-6 .6046 

37.37 

-6.4221 

40,32 

-6.2101 

43.63 

-6.0232 

*7.74 

-5.0597 

30.93 

-4.9364 

34.02 

-4.7921 

37.02 

-4.5952 

39.93 

-4.2012 

40.43 

-6.1514 

63.76 

-3.7204 

67,66 

-3.3749 

72,11 

-4.9237 

77.00 

-4.0678 

82.58 

-2.4341 

81.34 

-7.9340 

90.30 

-3.231B 

101.61 

-2.8255 

113.24 

-0.3273 

133.31 

7. 7?78 

149, 5B 

10.0728 

161.57 

11.7230 

177.87 

20.4968 

179.36 

20.0301 

172,32 

17.9678 

144.22 

-0.9588 

133.28 

-3.793R 

126,77 

-3.9B26 

128.14 

-3.2583 

126.69 

-4.5902 

126.07 

-3.4B15 

126,17 

-6.0944 

126.37 

-7.0362 

129.19 

-6.4518 

132.04 

-6.0035 

134,16 

-6.2663 

135,37 

-7.45B4 

138,43 

-7.0410 

1*1.72 

-6,4796 

141.98 

-8.9804 

143.07 

"9.1950 

149.60 

-9.0637 

133.12 

-12.4676 

143.76 

-15.7603 

199.93 

-4,3334 

256.46 

20.6377 

293.96 

32.3997 

311.73 

41,4346 

269.10 

4.3439 

273.33 

13.1316 

281,1.6 

14.4698 

291,11 

17.6229 

296,03 

17.5165 

297,97 

J6.437* 

300,20 

19.0922 

287,37 

18.774.3 

237.39 

-2.7318 

189.42 

-34.1447 

K. 


n 


TABLE  VI -G.  APCOR4  OUTPUT 


VI-14 


> 


HUN  NO.  7  08/01/69  N  PDUR,  16'  5  GHZ  SEA 

ITERATION  NUMBER  0 

O 

ZENITH  ANGIE  TIGHTNESS  APPARENT  CORRECTION 

( JEC )  TEMP,  (OEG  K)  TEN.1.  (DEG  K )  TEMP.  (DEG  K) 


0.00 

12.58 

15.70 

-3.1248 

13.93 

\2.08 

15.97 

-3,8947 

19.7? 

13.29 

17.36 

-4.0738 

24.2? 

14.68 

18.95 

-4.2674 

o 

28,07 

16,00 

20,65 

-4.6545 

31.47 

19.28 

23.44 

-4.1659 

34.56 

20.41 

25.10 

-4.6848 

c 

37,43 

21.47 

26.65 

-5.1771 

40.12 

22,46 

28.12 

-5.6562 

42.67 

23,55 

29.31 

-5.9687 

r> 

*5,10 

22.70 

29.84 

-7.1392 

*7,43 

2*,16 

31.38 

-7.2174 

49.6? 

26.10 

33.23 

-7.1918 

0 

51.86 

28.43 

33.55 

-7.1201 

53,97 

31.07 

38,12 

-7.0513 

56.03 

33,65 

41.80 

-6.1558 

o 

58.03 

38,33 

44.66 

-6.1256 

60.00 

41,46 

47.31 

-6.0533 

61.93 

44. *6 

30.36 

-5.8977 

_ 

63.82 

47,70 

53.22 

-5.5173 

65.68 

45.90 

53,55 

-7.6495 

67.52 

49,93 

57.03 

-7.2031 

c 

69.33 

54.36 

61.19 

-6.8293 

71.12 

39.74 

56.02 

-6.2873 

72.90 

66,49 

71.30 

-3,0146 

74.65 

73,38 

77.61 

76,39 

35,74 

35.67 

-13.9392 

78.17 

12. T) 

81.98 

-9.1881 

t 

79.64 

93.38 

98.62 

-3.2396 

61,54 

118.72 

119.53 

» !  .3132 

83,24 

173.39 

156.30 

17.0928 

64.94 

191.07 

174.67 

20.3986 

*• 

86.63 

207.44 

185,60 

22.0438 

*8.31 

210.16 

1.88.64 

21.5195 

o 

90.00 

205,34 

185,35 

20.1869 

91.69 

192,63 

175.23 

17.4216 

93,37 

146,91 

147.17 

-0.2629 

o 

95,06 

131,47 

135.03 

-3.5511 

96.76 

121,43 

127.52 

-6.0710 

98,46 

12*-93 

128.28 

-3.3505 

r\ 

1O0.16 

121.20 

1 26 ; 05 

-4. 8565 

101.88 

118,79 

124.70 

-3.91*3 

103.61 

115,13 

123.12 

-7.9915 

/s 

103,35 

117,25 

125.0? 

-7.8021 

0 

107.10 

125,43 

130.42 

-4.9714 

108.88 

126,38 

132.08 

-5.7007 

o 

110.67 

122,02 

131.13 

-9,1109 

112.48 

131.88 

137.58 

-5.6983 

114.32 

139,07 

142,48 

-3.4098 

r 

116.18 

124,04 

136.07 

-12.03*7 

118.07 

137,78 

144.46 

-7. 1772 

120,00 

142,90 

149.40 

-6.6P44 

121.97 

142,56 

151.48 

-8,9145 

123.97 

144,64 

153.58 

-11.1347 

126.03 

143,85 

162.88 

-17.0230 

128.14 

200,13  ' 

201.72 

-1,5883 

130.32 

268,70 

250,46 

10.2392 

132.57 

311.55 

293,69 

28.1645 

__ 

134.90 

336.37 

300.59 

35.9844 

137.33 

273.97 

257.89 

6.0769 

139,88 

288,46 

274,08 

.  13.5820 

1*2.57 

296,52 

281.59 

14.938* 

) 

145,4* 

308,73 

290.60 

17.6303 

1*8,53 

312.88 

235,33 

17.5527 

151.93 

313.65 

237.13 

16.495* 

155.75 

317,96 

238.99 

18.8658 

, 

160.25 

304,87 

286.29 

18.5824 

166,07 

232,46 

236.69 

-4.2282 

180.00 

169.U 

137.43 

•28.3368 

- 

APi,  COAHtCTION 

•  9.66E  00 

DEG,  K 

i 

rfATE* 


TAB  I  .E  VI -7.  APCOiU  OUTPUT 


RUN  NQ,  A  08/01/69  V  POLAR 


t  TER  AT  I0‘)  NUMBER  t) 


ZENITH  angle 

BRIGHTNESS 

APPARENT 

... 

(DEG) 

TEMP,  ( oeg  K ) 

TEMP.  (OEG 

O.cr 

14,52 

16.85 

13,93 

10,01 

14.68 

^  • 

19.75 

10.93 

13.92 

34,25 

13.03 

17.47 

28,07 

13.H 

19,31 

0 

31.47 

16.97 

21.90 

34,56 

17,50 

73,97 

37,43 

19.01 

76.05 

t  . 1 

40,12 

20,39 

78.17 

42.67 

21.71 

30.31 

*5.10 

32.62 

32,24 

n 

*7,43 

24.14 

34,49 

*9,68 

25,89 

36.86 

51.66 

27,79 

39.34 

o 

k.* 

53,97 

29,90 

41.93 

«■  ■ 

56,03 

31,22 

44.16 

ft  _ 

58.03 

33,79 

47.10 

n 

60,00 

36,60 

50.29 

61,93 

39,73 

33.71 

63,82 

43,36 

57.35 

o 

65,68 

44,69 

59,89 

67,52 

49,37 

64,26 

69.33 

54,59 

69.23 

o 

71.12 

60,38 

74.69 

72.90 

67.09 

80.71 

74.63 

75.31 

87 « 2  5 

:  O 

76.39 

60.RIJ 

82,18 

78.12 

75,76 

93.84 

79.84 

94.57 

109,09 

O 

81.54 

117,67 

127.88 

83.24 

151.67 

153.00 

84.94 

180,71 

176.11 

O 

86,63 

210,29 

199,87 

88,31 

258,25 

232,51 

90,00 

278,61 

249,39 

.  o 

91.69 

289,33 

258,61 

93.37 

274,68 

253,08 

95.06 

275,10 

254,47 

o 

96.76 

275,20 

255.54 

98.46 

271.67 

254,79 

100.16 

274,01 

257,01 

o 

101,88 

279,86 

260,84 

103.61 

275,59 

259,06 

105.35 

772,54 

257,23 

o 

107.10 

264,45 

252,35 

108.88 

254,18 

246,11 

110.6 

245,39 

240,01 

o 

113.48 

245,42 

240,22 

114.33 

238,35 

236,07 

116.1» 

233,17 

232,77 

o 

118.07 

229,60 

230,24 

130.00 

219.27 

224,57 

131.97 

217,16 

223,46 

o 

133.97 

215,73 

223,19 

126.01 

205.25 

2)9,54 

138.14 

222,46 

232,54 

o 

130.33 

263,02 

260,83 

132.57 

293,18 

2  R 1 , 62 

134.90 

311.61 

294,09 

137,33 

292,81 

2  "  7 . 05 

139.88 

303,61 

294,  J6 

142.57 

310,73 

299.84 

O 

145.44 

313,49 

302, T6 

148,33 

316,28 

305,22 

151.91 

316,31 

336,04 

c 

153.75 

322,99 

309,13 

160,35 

112,30 

299,22 

166,07 

256,00 

260,12 

c 

190,00 

172.47 

210,06 

C  *®s*  CORRECTION  •  l.Uf  01  DEC,  K 

C 


.  16'.  5  GHZ  SEA 


CORRECTION 
TEMP.  (DEG  Kj 


-P.3305 
-A. 06  3 
-A.  99  m: 
-5.AP6? 
-5.9722 
-5.9330 
-6.4624 
-7.0464 
-7,7780 
-A. 5944 
-9.6371 
-10.3441 
-10,9633 
-11.5516 
-12.0393 
-12.9359 
•13.3139 
-13.6933 
-13.9762 
*13.9938 
-15.1857 
-14.6941 
- 1 4 , 6 1  4  7 
-14.3137 
-13.6tir» 
*11.7432 
-31.7934 
-18.0616 
-14.5310 
-10.2133 
-1.3333 
4.6017 
10.4336 
35.7471 
39.2307 
30.7178 
21.6011 
30.7157 
19.6518 
16.8861 
17.0014 
19.0136 
16.5320 
15.3094 
13.1053 
8.0701 
4.5816 
5.2049 
3.3853 
0.3937 
-0.7431 
-5.3987 
-6.3044 
-7.4698 
-14.3893 
•10.0825 
4.1955 
11.5657 
16.7313 
5.7655 
9.4475 
10.6836 
10.7347 
11.0560 
10.3716 
13.8639 
13,0746 
-4,1166 
-37,5930 


RATER 


l 


TABLE  VI-8,  apcoih  outpu  t 


VI- 1G 


• 

* 

1 

- 

HUM  NO,  *  0A/01/69  V  HOLAH. 

16.5  CHZ  SEA  rfATER 

:  o 

ITERATION  NUMBER  0 

H 

ZENJTH  ANCLE 

brightness 

APPARENT 

correction 

• 

1 

(DEC) 

TEMP,  (DEC  K ) 

TEMP,  ( DEC  X) 

TEMP.  (DEG  K ) 

'•  m 

0.00 

12.93 

17.63 

>3.0966 

' 

13.90 

13.46 

18.97 

-3.5134 

• 

19.79 

'  1*.9* 

20.95 

•6.0108 

24.29 

16,46 

23.03 

-6.5315 

n, 

28.07 

17.83 

25.23 

-7.3950 

'  1  ^  ipk 

31.47 

19.86 

27.89 

-8.0271 

y 

34.54 

21.01 

10.09 

-9.oe*7 

1 

17.43 

22.22 

32.27 

-10.04' 3 

40.1? 

23, 47  . 

34.44 

-10.9609 

j 

42, 6> 

2*.84 

16.63 

-11.752" 

I 

0 

45.10 

24.44 

37.92 

-13.2765 

f 

■  ^  m 

47,43 

26,24 

40.27 

•14.0335 

3 

:  ’  >#  wM 

49.69 

2».25 

*2.96 

•14.7101 

■  r^BJ 

91.86 

30.72 

45.97 

-15.2431 

53.97 

33,72 

49.24 

-15,5375 

k  '  fl 

36.03 

35,42 

51.98 

•16.5656 

98.03 

39,30 

36.08 

-16: 5731 

■ 

o 

60.00 

44,1? 

60.68 

-16.5287 

61.9? 

49.33 

65.76 

-16.2312 

63.8? 

36.36 

71.31 

-14.9536 

.  | 

65.68 

46,64 

43.67 

•22,0278 

67.52 

56,97 

77.16 

•20.1875 

69. 3» 

70.07 

88,36 

•18.2906 

71.12 

86.38 

102.20 

•13.6188 

*  ,  ■ 

72,90 

106.09 

118.59 

-12.5003 

1 

*»■ 

„ 

74.65 

127.70 

137.48 

•10.1834 

1 

I 

'  iB 

76.39 

187.72 

176.89 

10.836* 

1 

I 

78.12 

206.86 

194.52 

12.3345 

| 

<f  "IB 

79.84 

224.96 

239,94 

15.0102 

( 

IB 

81.54 

240.72 

223.20 

17.5187 

! 

iB 

63. 04 

253.80 

234.41 

19.3868 

i 

_ _ _  IB 

"4.94 

263.94 

243.43 

20.5406 

fl 

* 

"6.63 

271,43 

250.27 

21.1635 

88.31 

274.86 

254,3" 

20.4830 

m 

90,00 

277."9 

257.69 

20.1998 

fl 

91.69 

279,14 

259.57 

19.5600 

<■ 

93.37 

.  275.98 

258,82 

17.1572 

■  ■ 

r ' 

V' 

95.06 

275.29 

259.12 

16.1729 

u 

96.76 

274.38 

259.23 

15.1480 

il 

98,46 

273,93 

259.46 

14.4675 

11 

Q 

100.16 

272.14 

238,86 

13.ZB22 

IH 

101.86 

269,66 

257,73 

11.9328 

]■ 

103.61 

267,60 

236.38 

11.0206 

i  ]| 

0 

105.35 

260.33 

252,66 

7.6638 

r  fl 

107.10 

259,68 

252.03 

7.6719 

]| 

106. 8R 

255.61 

249.51 

6.10*5 

il 

110.67 

24",  IB 

2*5.22 

2.9603 

'll 

o 

112.4" 

247,41 

2*4.34 

3.2674 

•  |l 

1 

114.3? 

239,89 

239.77 

0,1115 

B 

l 

116.1" 

234.75 

236.40 

-1 . 6526 

'  II 

118.07 

227.94 

232.43 

-4.4966 

'  11 

120.00 

227.07 

231.8* 

-4.7696 

II 

121.97 

223.12 

230.12 

-6.8016 

* 

1?3.9? 

221,90 

229.82 

-7.9213 

VI 

126.03 

216,08 

228.28 

-12.2052 

\  11 

T 

• 

128.14 

229,36 

23J.63 

-9.2757 

}  ^  N  JB 

1 

130.32 

267,68 

263.73 

1.9*67 

1  11 

i 

1 

132,57 

292.67 

231.92 

10.7*68 

’  11 

174.90 

30", 63 

293.19 

15.4443 

'  II 

177.33 

290,47 

253.13 

5.3361 

11 

139,88 

299.17 

290.65 

8.5197 

11 

1 

0 

142.57 

304.22 

23*. 78 

9.4369 

fl 

1 

1*5.44 

310.45 

238.93 

11.5*1* 

H 

1*8.53 

109.82 

298,56 

11.2659 

1 

131,91 

104,57 

294,08 

10.4883 

| 

135,73 

282.04 

273.97 

1.0636 

fi 

160,29 

265,09 

263,46 

-0.36B9 

i 

166.07 

237,50 

246.31 

-8.8139 

1  '  1 

f 

180,00 

220,03 

235.06 

-15.0116 

1 

I 

*8$,  CORRECTION 

•  1.16E  Ci 

EC,  X 

'"'N 

TAU I.K  VI-9 

.  AI’COIM  OUTPUT 

VI-17 

1 

c 

RUN 

NO.  10  08/01/69 

H  *  POL.' R . 

1 6*.  3  GH2  SEA  rfATER 

o 

ITERATION  NUH8ER  o 

1CNITH  ancle  brightness 

APPARENT 

CORRECTION 

(DEC) 

TEMP,  (OEC  K )  TEMP,  (OEG  K ) 

TEMP.  (OEG  K) 

0,00 

12.70 

19.79 

-7.0901 

n 

V. 

13,93 

18,06 

2*. 18 

-5.3225 

19,75 

21.01 

26,81 

-3.8012 

24.25 

23,12 

29,16 

-6.0404 

28.07 

25.11 

31.37 

-6.2612 

f  ' 

V- 

31.47 

25.03 

32.55 

-7.5267 

34.56 

26.88 

3*. 62 

-7.9413 

n i 

37.43 

•  28.71 

37.21 

-8.4987 

40.12 

30,82 

39,70 

-8.8727 

*2.67 

33,  *3 

*2.27 

-8.8416 

O 

45.10 

32,95 

*3.22 

-10.2673 

47.43 

36. *0 

*6.36 

-9.9565 

49.69 

*0,76 

50.27 

-9.3111 

o 

51.86 

*5,77 

34.88 

-9.1102 

53.97 

51,08 

60.13 

-9.0483 

56.03 

65,57 

70.25 

—4.6866 

o 

58.03 

70,39 

73.23 

-4.8098 

60, CO 

74,62 

79.31 

-4.6902 

61.93 

78,4* 

82,6* 

-4.1997 

r> 

63.82 

82,49 

83,24 

-2.5496 

65.69 

61.28 

7*.6l 

-13.3231 

67.52 

67,38 

78.85 

-11.4764 

c 

69,33 

74.70 

85.83 

-10.0982 

Tl.12 

86.84 

95.36 

-8.5239 

72.90 

100,88 

107.45 

-6.371? 

c 

76.65 

117,53 

122.02 

-4.4891 

76,39 

1*8,99 

1  *  4 , 8  u 

4.1318 

78.12 

169,06 

162.2* 

6.8240 

c 

79,84 

190.51 

180.47 

10.0384 

81.54 

212.86 

199.57 

13.2870 

"3.2* 

260.30 

230,59 

29.7145 

c 

6*. 94 

272,17 

2*0.93 

31.2169 

36.63 

271.75 

2*1.13 

30.6242 

"8.31 

2*1.39 

223.13 

IB. 2681 

90.00 

226.19 

211.1* 

15.0517 

o 

91.69 

208.57 

197.23 

11.3186 

93.37 

173,57 

175  3° 

-0.0217 

95.06 

160.68 

16*. 02 

-3.3423 

96.76 

150.82 

1"‘  -3 

-5.7805 

98.44 

131,76 

n 

-4.1519 

100.16 

1*8,66 

153  <?" 

-4.2903 

o 

101.88 

1*7.67 

143,  <>8 

-3.8098 

103,61 

1*7, »r 

15? ,  '6 

-6.1179 

105,35 

132.97 

1  7  08 

-4.1075 

o 

107,10 

130,74 

.56,37 

-7.53*9 

108.88 

1*9,42 

156.00 

-6.5704 

110.67 

149,84 

156.3* 

-6.701* 

' 

112.48 

146.66 

135.47 

-8.8064 

114.32 

150,30 

138,12 

-7.8233 

116.1" 

130,98 

159,55 

-8.5703 

118.07 

153,13 

161,87 

-8,7328 

120.08 

151,18 

142, *9 

-11.3071 

121.97 

158,05 

168, *1 

-10.3595 

123,97 

16*. 52 

175.70 

-ii  .  1741 

126.03 

173,74 

147,47 

-13,7273 

128,1* 

231,32 

226.9* 

4.3804 

130,32 

277,56 

261.59 

15.9680 

132.57 

307.89 

283.27 

22.6266 

134.90 

325,19 

296,99 

28.1922 

137.33 

278,44 

272.37 

6.0661 

139.88 

288.78 

276,90 

11.3785 

0 

1*2,57 

293, -*0 

281.27 

12.1311 

1*5.44 

302,31 

287.91 

14.3969 

1*8,33 

304,73 

290,68 

14.1051 

151. 

30*. 05 

230.69 

13.1630 

153 

30*. 91 

2  20 . 1 1 

.4.2002 

160. 

292; 39 

270.43 

13.7*01 

166.07 

232.60 

238.  <>3 

-3.8313 

180.00 

194.35 

III.  ‘ 

-19.3889 

MS,  CORRECTION  «  1.01E  Cl  QIC,,  K 


TAIJI.t:  VI-10.  APCOH1  OUTPUT 


VI -i 


* 


o 

o 


O 


o 


n 


r~, 


r 


O.oti 
13.93 
7, 
5**25 
,s«or 

31  .47 
3*.36 
32.43 
♦0.12 
♦2.67 

♦M0 

♦?.43 
*9.6* 
31.00 
’3.97 
/6.03 
,fi.03 
*0.09 
/1 .93 
*3,  «; 

*5.68 

62.,; 

*’.33 

Jl»l? 

72.90 
74,65 
26.3-) 

7®.  1? 

79.84 

«i.*234 

/*.  9* 

**.63 
*®.3j 
’0.00 
’1.69 
’3.37 
’3.P6 
’*.76 

In8'46 

/OO.H 

5  03 . 6 1 

503.33 

M« 

5.09.88 
550.67 

55*"*8 

U*. 32 

55 6. 18 

5*8,07 

^  5Z°«oo 

,121.97 
123,97 
^  ^  ?  0 1 

^  »,  *is 
55/ *37 

552.33 

I1/.9*  ®  fl 

1 51*'.” 

5/0.23 
1*6.07 

180, op 


o 

,Wc’ 

a  '  <OfG  y 

,  0.00  * 


5  ’  *  •  8  2 

138,92 

5”.  47 
5 60 
5 34  <oi 
*2.80 
/♦l. 20 


4 *  Cm; 

reiS^r 

'  (0fC  «  r^S^rov 

154.00  '  ‘°5C-  «0 


5*0. ?] 
4°.10 
5/2, 3  2 
5/2.9J 
,43« '2 
5*3,  >5 

5**. 38 

543*I2 

5*3.79 

5 **.64 
I*3. 70 
1*2, 33 
1 **. 95 
1*2.68 
131.14 
133.30 
5*0,67 

167,59 

5/2.84 

120.37 

1  ®6 ,  <J 

r°5.8o 

238, fl6 
16 


o 


p 


o 


c 


p. 


,57*60 

227,73 
/?3*  83 

3  ?/ *  1 3 

fU.63 

320. 

324.79 

5/*.42 

522,61 

5/1.39 

320,97 

552.68 

55*.  36 
302.85 

/’6.6J 

Z’2.66 

289,08 

2*3, 03 

282,54 

2  26, 93 

/*’. 07 
/-2.9o 

2  6  0  *  1  9 
259, 60 

-3.68 

^  ^  J  ^ 

,289.5, 

286,39 

304 , 99 

1 


_  •  •  ^  V 

3;J9.01 

’1  ! .  flj 
’29,03 

329.0. 

327,77 

223.87 

23ft,  4  2 
»n 2*  03 
293, 9j 


‘  9J 

•5,t  •»  *«.  , 

7’  A  . 


rp  •  ',4 

236,36 

229  „  ]  7 

//’• 28 
2/2.14 
5/2.22 
305, 9, 
5/2.83 

536.3, 
”06, 0  9 
535.0^ 
5/1.26 
5/1*26 
//* • 36 
2/0.35 

/ ’0. ; 1 

/  ®  5 , 6  J 

Zf  •  >  02 
//’• ’6 
/•6,;s 
7 ' 1  • J8 
242.7, 

/5’.29 

256,65 

‘2o.5, 

2/8.33 

/ *8 . 30 
788. 3/ 

/-i  , 

5;’4*i0 
532.33 
5  1  ^  *  06 

55 3  *  92 

31 1.1  7 

; j/ ' 1 3 

,6,07 
253.9, 

*•36,88 


154.00 
137.07 

5/6.53 

5*3.32 

5 ’3. 88 

5*2.29 

1*6.34 

1*6.04 

5*6.27 

146.94 
1*8. 97 

5.3°-i  3 
5,1*16 

1 // *  1 5 

5,  *  05 
5 . 3  *  0  5 

134. u 
5/3.35 

150,79 

5*6.40 

5/8*07 

1/0*54 

1/3.25 
P 56 

/  7  /  *  2  6 

5/2.54 

//*. *7 

1  *  * «  0  9 

1/0.65 
1 12,  lo 
5 35.30 


“0.42^2 
* . 05OJ 
0.9394 
0.2335 
0.  1  ?0  7 
“*•*848 
"*.6303 
3.3557 
"6.0508 

“6.8307 

“6.600, 

“2.1254 

.7*6654 

8«i ij 3 

"8.6680 

*  9 , 9  3  9  j 

5?* 31 24 

in.  7a%. 


.*'"•*124 
10.2028 
5 1  *  0294 

“ll.077i 

/5/*  *  128 

l/*®643 

1/-6128 

12.2845 

*1  i  .  »A.  _ 


'  D  «  3 

-5907 

.  945, 

.  .  . 


.,"/*  '4  5  5 

’I/  **28 

"/•2015 
3.5579 

li/aoij 

lp!32 
56.8662 
18*2939 
1/.5380 
1/.8007 
5/  *  39]  3 
/  ®  •  0  9  $  9 

51.3032 

1 3»  28  7; 
5'*6417 
1/.102? 
8.2033 

*• O00j 

/*  *32o 
*•4647 
2.0077 
2.3733 

0.6,45 

“2.3133 

■•*'8070 
"*. 1003 
”6.8007 

“6.90,, 

4.94*5 

1.207? 

'  *  49 

3  * ’ 1 34 
* . 854  . 

..*•*310 
5.  ',?30 

1  *  !  3  5 

1  1  ",3W 

.-*•253? 

15.9294 

2.097; 


l!  U  1:'  APCO'i  4  f 


tn 


SEA  RATER 


o 


o 

o 

o 

O 

O 

C 

r 


O 

O 

O 

O 

o 


I 

I 

j 

>  r 


*UN  NO.  11  08/05/69  V  POUR,  H‘.5  GHZ 

ITERATION  NUMBER  0 


ZENITH  ANGIE 

BRIGHTNESS 

APPARENT 

CORRECTION 

(DEG) 

TEMP.  < 0EG  K ) 

TEMP.  J  DEC  K  > 

temp,  (DEG 

0.00 

123.53 

124.22 

-0.6895 

13. 93 

120,49 

127.84 

2.0418 

19,7? 

126,29 

127.28 

1.0072 

24.2* 

126,22 

1’6. Ol 

0.2097 

28.07 

12*.  *5 

124.35 

0.0995 

51.47 

111.70 

116.86 

-5.1611 

34.56 

110,50 

115.82 

-5.3245 

37.43 

109,38 

115.52 

-6.1355 

*0.12 

108,69 

US. 82 

-6.9249 

*2.67 

108,81 

116.62 

-7.8043 

*5.10  ’ 

111.45 

118.98 

-7.5268 

♦  7.43 

112.16 

120.33 

-B.1658 

*9.68 

112.65 

121.57 

-6.71*5 

51.86 

113.40 

122.71 

-9,3098 

53,97 

113.92 

123.76 

-9.8398 

56,03 

112.53 

123.81 

-11.2792 

58.03 

113.33 

125.03 

-11.6966 

60.00 

114,33 

126,47 

-12.1404 

61.93 

115,63 

128.13 

“12. 5009 

63.82 

117.45 

130.00 

-12.5528 

65.68 

114.61 

129.66 

-14.3479 

67.52 

117,93 

132.49 

-14.5635 

69,33 

121.68 

136.16 

-24.2757 

71.12 

126*72 

140.62 

-13.9013 

72,90 

132.74 

145,86 

-13.1204 

74,65 

140,41 

151,06 

-11.24B6 

76.39 

129,14 

148.40 

-19.2659 

78. i? 

143,81 

159.33 

-15.5200 

79.84 

161.76 

173.57 

-11.0082 

81.54 

183,52 

191.09 

-7.5708 

63.2* 

221.43 

217.38 

4.0512 

84.94 

244.94 

236.13 

8.0101 

66.63 

265.47 

252.55 

12.9225 

68.31 

283,70 

267.02 

16.6736 

90.00 

297.65 

278.54 

19.1082 

91.69 

30«.17 

287.45 

20.7220 

93.37 

31*. 2* 

293.26 

20.9832 

95.04 

318,76 

297.47 

2 1 . 29 1 R 

96.76 

320.62 

299.57 

21.0476 

98.46 

316.11 

297.88 

18.2345 

100.16 

315,20 

297,64 

17.5602 

101.88 

314.52 

297.20 

17.3138 

103.61 

305,30 

292,19 

13.1937 

105.35 

307,(16 

292.23 

14.835? 

107.10 

293,76 

284.45 

9.3124 

108.86 

>06. R6 

279.96 

6.9042 

110.67 

288 1 25 

279.81 

8.4410 

112.*" 

279,30 

274,42 

3.C352 

114.3? 

271.81 

269.49 

2.3192 

116.18 

271,29 

258,33 

2.9662 

118  07 

204.90 

264.19 

0.799J 

; 20.00 

256,15 

250.69 

-2.5440 

121.97 

2*9.24 

254. p8 

-5.3401 

171,97 

250,69 

255.25 

-4.5555 

126,03 

245,80 

25^  '5 

-7,6547 

128.1* 

250.20 

257.90 

-7.6998 

130.32 

283.48 

277.84 

5.6*35 

132,57 

279.27 

277,84 

1.4339  . 

134,90 

275.75 

277.84 

-Z.0622 

137,33 

298,74 

292,09 

6.653? 

139.0* 

301.01 

2955* 

5.4717 

1*2.57 

304,2) 

299,12 

5.1030 

1*5.4* 

124,26 

311.18 

13.0812 

1*8.53 

323.59 

311.0) 

12.5595 

151.93 

313,90 

333.38 

12.5214 

155,75 

264,59 

270,56 

-5.9640 

160.25 

241,44 

253.06 

-11.6251 

166.07 

236,39 

2*9,92 

-13.5242 

180.00 

283,43 

£75,73 

7.9021 

ASS.  CORRECTION  ■  9,?oE  00  DEC,  K 


TAR  LL  VI-12.  APCOIM  OUTPUT 
'  TllKKi;  POINT  CALIBRATION 


VI -20 


o 

O 

C' 


r\ 


o 

o 

o 

c 


*UN  NO.  12  08/05/69  H  PQLAR,  16*.  5  gh* 

ITERATION  NUMBER  0 


SEA  RATER 


Zenith  angle 

(PEG) 

o.on 

13.91 

59,75 

74.25 

28.07 

11.47 

14.54 

17.41 

‘0.1Z 

42.67 
45.10 
47.43 

49.68 
51,86 
43,97 
56.03 
56.01 
60.05 
6i,91 
63.6? 

65.68 
67.52 
69,33 
71.1? 
72,96 
74,65 
76,39 
73,12 
79,04 
61,54 
33,24 
64,94 
«6,63 
68,31 
90.00 
’l.fc? 
93.37 
95.04 
9o,76 
98,46 

100.16 

101.84 

103.61 

105.35 

107.10 

log, ea 

110.67 
112.48 

114.32 
116,18 
110,07 
120.00 

121.97 

123.97 
126.03 
128,14 

130.32 
132.57 
114,90 
117.31 

139.68 
1*2.57 
145,44 
148,53 
13J.93 
135.75 
160.25 
166,07 
180.00 


BRIGHTNESS 
TEMP,  (OEG  K ) 

147,04 

121.58 

119.19 

116.95 

113.56 

109.12 

103.14 
107,17 

107.12 

107.15 
107,72 
1C8.81 
110,31 
U2.13 
114.27 
116,41 
119.22 
122,08 
125.29 

129.13 

125.15 
1  3  0 , 5  K 
137,19 

145.16 
15' .56 
16  >15 
179,18 
192.46 
206,61 
222.10 
249,88 
261,12 
267,*& 

266.76 

263.28 
256.48 
232,37 
222.11 
211,60 
210,12 
203,07 

195.29 
190,08 
196,21 
191,96 
191.01 

194.76 
192.15 
191..96 

197.78 
198,57 
201,43 

194.63 
205.14 
205,90 

251.49 
288.13 
281,45 

278.40 

287.83 
291,09 

294.50 

316.41 
317.30 

112.41 

268.78 
249,88 

238.84 

298.63 


APPARENT 
TEMP.  tOfC  K> 


CORRECTION 
TEMP.  (DEG  K) 


137.92 

9.1173 

124.73 

-i .1492 

120.73 

-1 . 33e5 

118.23 

-2.7960 

116.56 

-2.9930 

114.11 

-4.7917 

113.5% 

-5.3937 

113.45 

-6,0809 

113.76 

-6,6419 

114.43 

-7.0530 

115.18 

-7.4554 

116.35 

-9,5794 

117.93 

-7.5909 

119.67 

-7.5347 

171.69 

-7.4065 

173.8V 

-7.7014 

176,34 

-7.1175 

179.03 

-6,9204 

131.86 

-6.5563 

194.93 

-5.7775 

134.07 

“ft. 9279 

130.45 

-7.8744 

144.09 

-6,8973 

150.94 

-5.7742 

158.97 

-4.4069 

1  44.17 

->.7998 

175.24 

-0.0769 

130.42 

7.0462 

202,48 

4.3349 

2.15,43 

6.6767 

234.5! 

15.3656 

2 44,29 

17,0294 

2 49.72 

17.7330 

250.  <2 

16.6382 

?47.65 

15.634? 

241.61 

13.8614 

227,06 

5.3111 

219.07 

3.0391 

212.63 

0.9763 

239.19 

0.9355 

234.16 

-1.0891 

199,01 

-3.7246 

195.75 

-5.6652 

198.70 

-7.4935 

196,65 

—4 .6884 

196.38 

-5.3674 

198.64 

-3.8799 

197.84 

-5.6945 

199,48 

-5.5167 

232.36 

-4.5741 

233,73 

-5.1615 

236.03 

-4.5957 

234,34 

-8.4096 

238,74 

-B.6056 

216.65 

-10, 7515 

247,04 

4.4*95 

272.40 

15.9261 

272.40 

•'  9.0519  . 

2*2,0 

5.9961 

278,86 

8.9769 

282.48 

ft. 6072 

286.76 

7.7475 

330.70 

15.7121 

302,36 

14.9350 

297.01 

15.3999 

268,64 

0.1384 

253.50 

-3,6183 

2*8,50 

-9.6581 

281,23 

17.4046 

ABS,  CORRECTION  «  7.13E  OO  DEO,  K 


4  * 


TABLE  \T-13.  APC0R4  OUTPUT 

TWO  POINT  CA IJB  RATION 


M  -21 


-9 


RUM  HQ,  12  08/05/&9  H  POLAR,  16.5  GHi  S£6  .  rfiTE  R 

ITERATION  HUMBER  0 


1 

ZEHith  amclE 

8R1CHTHESS 

apparent 

CC'RRf  CTI0N 

O 

w 

O 

temp,  (DEC 

K) 

TEMP.  [DEG  <) 

TEMP.  (U£G 

i 

0.05 

117.49 

137. 6T 

9.B243 

i 

13.95 

91.71 

33.23 

-1.4842 

\ 

19.75 

87.16 

38.66 

-1 .7031 

\ 

24.25 

87.43 

86.23 

-2.7605 

l  ^ 

75,0? 

84,119 

"4.41 

-3.5249 

1  '*■ 

31.5? 

74.06 

81,67 

-3.60R4 

36.56 

74,49 

81.14 

-6.2572 

\ 

37,61 

74.16 

"1.18 

-7.0135 

j 

60.1? 

74.03 

81.66 

-7.5201 

62.67 

74.45 

*2.53 

-*.0741 

1 

45.10 

75,09 

B3.J8 

-8.4B56 

1  o 

47.63 

76.48 

*3.10 

-*.6122 

49.65 

78,72 

86.93 

-8.6095 

31.84 

80.32 

89.05 

-*.5337 

\  \ 

63.97 

87.06 

31.44 

-8.378} 

36.03 

83,44 

34.06 

-*.7193 

58.03 

88.91 

96.93 

-4.0252 

60.00 

9?. 24 

100.03 

-7.7938 

61,93 

94.95 

107,34 

-7.3078 

63.02 

100.37 

106.85 

-6.4924 

65.68 

96.07 

106.06 

-9.9917 

67.52 

102.25 

111.06 

-*.8129 

69.37 

109.75 

117.46 

-7.7143 

71.12 

118.75 

125.20 

-6.4533 

72.90 

129.74 

174.26 

-4.9199 

74.63 

141.48 

144,60 

>•3.11*2 

76.39 

156.98 

157.07 

-0.0906 

78.12 

171.70 

169.61 

2.2*71 

79.84 

188.01 

183.16 

4.84*1 

: 

"1.54 

204.17 

197.70 

7.46*3 

"3.24 

234.27 

219.09 

17.1730 

"4.94 

249.14 

2.70. 10 

19.0385 

\  C' 

"6.67 

254,08 

276.25  , 

19.B342 

;  . 

"9.31 

255.34 

236.75 

IB. 5*117 

90.00 

231.61 

234.12 

17.4870 

:  /  > 

91.69 

247.07 

227,54 

18.5340 

j 

93.37 

217.38 

211.51 

6.0636 

1 

95,0" 

204.74 

202.78 

3.5594 

i  v> 

96,76 

197.05 

195.76 

1.2*76 

: 

98,46 

193.48 

192.15 

1.3339 

: 

100.16 

183.73 

186,65 

-0.9140 

;  O 

101. S" 

177.09 

160.96 

.  -J.8667 

! 

103.61 

171.33 

177,36 

-6.0296 

5 

105,33 

174.10 

140.63 

-2.5335 

;  /"\ 

107.10 

177.79 

178.36 

-4.9774 

J 

100.8" 

172.33 

176.07 

-5.7334 

; 

110.67 

176.48 

1*0.58 

-4.0943 

ii  r- 

112.4" 

171,61 

179.71 

-6.098* 

* 

114.32 

173,39 

1*1.51 

-5.919* 

116.1" 

179.40 

1*4.69 

-4.8860 

\  o 

11B.07 

180,68 

106.22 

-5.5367 

p 

120.00 

183.46 

188.77 

-4.9101 

i 

121.97 

177,78 

106.90 

-9.1274 

* 

123.97 

182.41 

191.77 

-9.3585 

* 

i 

126,03 

18"."0 

200.52 

-11.7164 

* 

128.14 

239,16 

234.09 

5.0699 

*  ^ 

1  1  • 

130.32 

279, "6 

262.11 

17.7514 

*  ! 

132.37 

272.29 

262.11 

10.1709 

* 

ii 

134. 9C 

269,03 

262.11 

6.9174 

137.33 

278.78 

268.60 

9.7759 

* 

139.88 

282,00 

272.54 

9.4553 

'  ^ 

i  ' 

142,57 

283.71 

277.22 

8.4923 

1*3,44 

310,18 

292.76 

17.4193 

n 

1*8.33 

311.03 

29*.  J3 

16.5327 

1 

131,93 

305.40 

258,06 

17.0362 

i 

155.73 

256.35 

256.43 

-0.0791 

160.23 

234.96 

239,27 

-4.3070 

i 

166.07 

222.13 

233.32 

-11.1831 

V. 

180.00 

288.70 

269.70 

18,9994 

/"> 

US,  CORRECTION  ■  7.961 

00 

0E&.  K 

1  ■  o 

TABLE 

VI- 

14.  APCOR4  OUTPUT 

THHEE  POINT  CALinilATinv 


9  BD140 


lft  ,  5  CHI 


5EV  rfftTE* 


;  o 

;  c 

i 

i  r 


o 

o 


r 

O 

C 

C 


i  r 

O 

■  - 

C 

o 

:  O 

i 

o 

o 

o 


*UVJ  HO.  13  09/06/69 

I  TCR'TfOX  U  ^  S  t  «.  3 


ifN'JTH  i'lGLE 
(DEG) 

0.0*)' 

13.93 
19.7ft 
7*. 25 
28.07 
31.47 
34.35 
37.43 
40.12 
*2.67 
*5.10 
*7.43 
49. 6* 

31.55 

33.97 

56.03 

58.03 

60.00 

61.93 
63.  A  7 
65. 6« 
67.3? 

69.33 
•1.12 
72.90 

74.63 
76.39 
70.1? 

7V.  A4 

81.34 

83.74 

84.94 

66.63 
68.31 
90.00 
91.69 
93.37 
93.05 

96.75 
98.46 

100.16 
101. BA 
103.61 
103.33 
107.10 

108.89 
110.67 
112.46 
114.3? 
1*6.16 
11 B.C7 
120.00- 

121.97 

173.97 
126,03 
1?8,14 
130.32 

132.37 

134.90 

137.37 
139.89 
1*2.37 
1*3.4* 
1*8.53 
131.93 
155.73 
.60.23 
166.07 
190,00 


96  tCMT-iESS 
TE  HP ,  (0EC  K) 

10.55 

16.17 

17.37 

16.71 

19.85 

17.08 

1".39 

19.76 
21.27 

22.76 
25,74 
27.31 

28.77 
30.09 
31.42 
30,64 
32.16 
33.66 

35.63 
3*. 21 

39.70 
42,76 

46.19 
50.03 

54.19 
59.46 
5  7,39 

64.63 

73.70 
03.48 
84.13 

104.10 

132.10 

192.70 

223.73 

247.73 
265,47 
277.08 

282.45 
274.04 
272.18 
26".69 
264,01 
261,08 

251.46 
250.22 
244,21 
234.61 
238,50 

232.70 

230.20 
226.16 
213,76 
222.9? 

2  0* , 5  9 
222,99 

2 77.20 
311.13 
331.69 

700.10 
310.63 
316,66 
316.09 
3 1 7 .  .7  2 
316,05 
313,44 
303,01 
266,06 

202.74 


4  P  -  A  P  [  >*  T 
TE  HP ,  (0GG  K) 

15.5? 
19.13 
20.0  3 

22.23 
23.47 
22.66 

24.11 
25.83 
27.76 
29,8  9 
32.87 

35.16 
37.27 
39.26 

41.12 

41.85 

43.85 
46.03 
48.54 
31.21 
53.51 
56.72 
50.27* 

54.17 
58.39 
72.94 

74.18 
80.59 

88.24 

37.12 

101.92 
118.22 
141.01 

191.45 
206.01 
225,69 

240.33 
250.42 

255.73 

252.73 

252.45 
231.00 
249.24 
247.15 

243.95 
240.78 
237.1? 
231.83 
273,75 

230.65 

229.53 

228.51 

222.51 
225,85 

221.47 

233.54 
250,89 

233.81 
308.35 

273.33 
279,77 
334.50 

335.65 

306.65 

305.95 

304.81 

235.92 

268.48 
231.28 


CD  ~ f  C T  J  3 s 
Tfc  HP  .  (  Of  &  <  ) 

-4.937B 
-2 . 960? 
-3.2623 
-3.5195 
-3. 5286 
-ft. 501  0 
-5.7198 
-6.0659 
-6.4928 
-7.1309 
-7.1503 
-7.8434 
-0.5049 
-9.1700 
-9.6969 
-11 .2203 
-11.6922 
-12.2323 
-12.6908 
-13.0068 
-13.6076 
•13.9537 
-U.0S43 
-14.1175 
-14.0033 
-13.4787 
-14.5853 
-19.7365 
-14.9406 
-13.6323 
-17.7936 
•14.1206 
-0.9113 
11.2451 
17.2243 
22.0452 
25.1203 
24.6691 
26.7237 
21.2478 
19.716? 
17.5949 
15.6654 
*3.9156 
11.4970 
9.4350 
7.0863 
2.7234 
4.7301 
1.6337 
0.616? 
-0.3454 

-6.7470 

-5.8019 

-12.8703 

-10.5405 

0.3222 

17.3205 

23.3340 

6.7162 

10.8665 

12.0634 

11.2365 

11.1559 

10.0967 

10.6335 

9.0896 

-2.4227 

-29.5305 


*85.  COR9ECTIOH  •  l.UE  01  OEG,  K 

TABLK  VI-15.  APCOIM  OUTPUT 


O 


VI -23 


SEA  rfATER 


'  o 

!  ° 

! 

c 

o 

o 

i-o 

i  O 

I 

;  o 

I 

c 

I 

1  f 

r\ 


r' 


i 

t 

O 

.  v. 

.  o 
o 


l 


n 

o 


o 

1 


«UN  NO,  i*  08/06/69  W  POUR,  16*J  g*2 
I TfRATIQN  NUMBER  o 


leNITH  ANCLE 
lOCr,) 

O.O'i 
13.91 
19.78 
2*. 28 
28.07 
31.47 
34.54 

37.43 
40.1? 

42.67 
4*  10 

47.43 

49.68 
51.86 
53. 9T 
56.03 
58.03 
60.00 
*1.93 
*3.6? 

63.68 
*7.3? 
69.33 
71.1? 
72.90 

74.63 
76.39 
78.12 
79.84 
*1.54 
83.24 
84.94 

86.63 
88,31 
90  =  00 
91.69 
93.37 
93.06 
96.76 
98.46 

100.16 

101.88 

103.61 

103.33 

107.10 

108.88 

110.67 

112.48 

114.32 
116.18 
118.07 
120.00 

121.97 

123.97 
126.03 
128.14 
130.3? 

132.37 
134.90 

137.33 
139.88 

142.37 
143. 4-. 

148.33 
H1.93 
133.75 
160.23 
166.07 
180.00 


SRICMT'JESS 
temp,  (dec  ki 

n.31 

16.37 

18,41 

29.13 

22,12 

23.90 

25.43 

24.93 

28.40 

29.83 

39.62 

32.41 
34,17 
36,06 
38.09 

39.93 

42.12 

4  4  ,  *  0 

46.63 

49.41 

49.15 

32.49 

56.12 

60,74 

63.84 

71.73 

73.15 
81,35 
90,69 

101,31 

112.44 

125.73 

140.47 
179,64 

185.33 

180,10 

137.90 
126.09 

117.93 

118.47 

114.11 
111,87 
114.27 

119.68 

120.93 
121.98 

124.47 

126.68 

131.33 

133. 1 1 
137,86 
137,36 
130.06 

133.74 

163.48 
203,97 
280,18 
*27,36 
354.92  . 
295,22 
309,08 
315,08 

311.24 
*11,00 
*08.19 
314.39 
303.00 
23-*,  32 
198,1* 


A°PA#C  NT 
TEMP.  CDCC  «.) 

16.01 

19.61 
22.05 
24.05 

25.93 
27.80 
29.55 

31.25 
32.95 

34.61 
36.02 

37.71 

39.50 

41.38 
*3.33 

45.25 

47.39 
49.65 
52.01 
54.48. 

55.46 

38.51 
52.07 
66.13 
70.63 

75.72 
78.70 
85.53 

93.46 

102.49 

112.24 
123.77 

136.73 

151.52 
166.95 
153.28 

138.50 

129.15 
123.07 

122.32 
120.47 

119.26 

121.26 
125.18 
127.05 
128.83 

131.52 
133.23 

138.27 
1*1.97 
145.22 

147.41 
156.7? 
152.92 

174.90 
206.87 

259.91 

296.25 

315.41 

284.73 
231.30 

233.75 
234,82 
295.20 
294.38 
2?7.2? 

286.33 
242.17 
217.77 


COJRfCTION 
Temp,  tQEC  <) 

•8. 4971 
-7.4399 
-1.640? 
j— 1. 7199 
J-1.8101 
-7.8927 
-4.0970 
•4,3107 
•4.5430 
: -4.7804 
-8.1926 
-T.3070 
-8.3371 
-3.3190 
-3.2442 
-5. 3124 
-8.2689 
-8.2471 
-8.1883 
-4.9670 
•6.3121 
•6.0136 
-3,7460 
-3.3943 
•4.8466 
-7.9787 
-3.5500 
-4.1738 
-7.7670 
-1.1786 
0.1914 
1.9808 
1.7385 
18.1219 
18.3945 
17.0212 
-0.6005 
-3.0600 
-3.1436 
-4.0444 
•3.6629 
-7.3872 
-7.0095 
-3.4967 
-6. 1243 
-6,863? 
-7.0473 
-*.5519 
-6.9239 
•6.8012 
-7,3641 
-9.8473 
-6.7267 
-9.1789 
-11.4182 
-2.9026 
20.2733 
31 .3005 
39.4859 
10.4702 
17.7805 
19.3216 
16.4174 
13.8030 
11.8123 
17.0928 
16.6689 
-9,843* 
•19,6363 


*85,  CORRECTION  ■  8.23E  00  OEO,  K 


TABIi:  VI-1G.  APCOni  OUTPUT 


VI-2‘1 


o 

RUN 

NO.  15  08/07/69 

9  P3L44. 

1  6*.  5  GHZ 

O 

c 

ITERATION  NUMBER  0 

ZENITH  ANGLE  ftRIGHT'iESS 

it 

APPARENT 

CORRfCTION 

(DEG) 

TEHP,  (D£G  K 1  T £  "P  ,  <n?G  6) 

TE"P.  (DEG 

C 

O.on 

6. *5 

12.93 

-4.4703 

n.9A 

12.50 

15.64 

-7.1450 

19,7"  ■ 

1  *  .  09 

17.36 

-7.2635 

-- 

2*.  2" 

15.50 

18.92 

-7.4227 

?£,0  7 

16.77 

20. *1 

-3.6*6? 

31. *7 

17.14 

21.4* 

-4.2963 

O 

34.58 

18.37 

22.94 

-4.5706 

37.*" 

19,48 

24.53 

-4.9189 

*0.1? 

20.49 

26.03 

-5.4038 

o 

*2.67 

21,65 

27.73 

-6.0818 

*5.10 

22.88 

29.58 

-6.6916 

*7. *3 

23.77 

31.25 

-7.4828 

/'~7 

*9.6* 

24,64 

32.87 

-8.2562 

51.fi* 

25,40 

34.51 

-9.0078 

53.97 

26,46 

36.11 

-9.6*20 

c. 

56.03 

26.42 

37.18 

-10.7528 

38.03 

27,58 

38,91 

-11.3362 

60.00 

28. *3 

40.80 

-11.970* 

61.93 

30. ?9 

42.83 

-12.5386 

63.8? 

32.05 

45.03 

—17.9*56 

45.6* 

32,46 

46.57 

-14.0045 

67*.5? 

3*. 91 

49.17 

•14.2690 

69.33 

37.47 

52.13 

-14.5367 

71.1? 

40.40 

55.34 

-14.7401 

72.90 

44,15 

58.89 

-14.7439 

74.65 

48,43 

52.73 

•14.3020 

76.37 

44,28 

62.51 

-18.2370 

78.1? 

50.99 

68.42 

-17.4335 

79.8* 

59.01 

75.73 

-16.7188 

81.5* 

68.98 

84.41 

-15.4347 

83.?* 

68.49 

88.69 

-20.0979 

8*  .  94 

89,42 

135.57 

-16.1544 

86.63 

119,36 

129,63 

-1ft. 5428 

r 

88.31 

185.01 

173-29 

11.7185 

90.00 

217,06 

139. .13 

18.0303 

91.63 

2*?. ?0 

2;9.17 

27.0338 

c 

93.37 

25o , 35 

232.13 

24.4121 

95.06 

268.97 

2*2.76 

26.2085 

96.76 

276. >5 

2*9.42 

24.7289 

96.46 

271.71 

2*9.12 

22.5894 

100.16 

273,28 

251.16 

22.1246 

131.88 

774.48 

252.53 

2? . 1*91 

103.61 

265.91 

248.13 

17.7720 

105.33 

262.20 

245.83 

16.3971 

107.10 

25*. 31 

241.13 

11.1714 

n 

108.68 

247.18 

236.75 

10.4184 

110-  7 

24?. 06 

233.42 

8.6460 

112.4" 

236.30 

229.82 

6. ’6  79  5 

c 

114.3? 

229.44 

225.43 

4.0392 

116.1" 

222.74 

220.95 

1.2907 

118.07 

217.46 

217.93 

-0.4752 

0 

120.00 

210.97 

214.38 

•7.4009 

121.97 

209.05 

213.48 

-4.42*5 

123.97 

203,o* 

211.37 

-7. **98 

126.03 

196.44 

239,57 

-13.1252 

128.1* 

219.39 

225.85 

-6. *630 

130.32 

256.66 

251.47 

5.1903 

— . 

132.57 

292,76 

271,15 

11.60*8 

134.93 

300.82 

254,71 

16.0535 

137.33 

291.25 

282.51 

8.73** 

o 

139.8" 

301 ."8 

230.13 

11.7550 

1*2.57 

308.. 42 

275.75 

17.0727 

1*5.4* 

310,06 

237.64 

12. *233 

148.53 

’<10,94 

298,65 

12.290* 

151.93 

308.42 

277  ,.17 

11.2501 

155.75 

303,91 

273.34 

10.5779 

160.25 

290,69 

232.01 

8.6759 

166.07 

244.62 

250.35 

-5.7236 

180.00 

189.79 

217.06 

•27.2675 

r- 


*8S.  CORRECTION  •  1.17E  01  OEG.  K 

TABLE  VI-17.  APCOR4  OUTPUT  Vl-25 


O 


o 


0 

HOV 

93.  ,16  08/07/6?  4  P0t4R . 

16'.5  G«2 

1  t€RAT I0M 

DUMBER  0 

o 

1ENITH  AViGUE 

BRIGHTNESS 

;  APPARENT 

t08  Hf  C  T 1 0' 

U«0> 

TEMP,  (DEC  K) 

T£MP.  (DEC  K) 

TEMP,  (PEG 

c 

0.0*) 

•  8,47 

12.14 

-3.487? 

13.91 

10.02 

13.84 

-7. 9716 

19.7' 

12.20 

15.33 

-3.0974 

c 

2*. 21 

13.48 

16.73 

-3.2475 

2B.07 

14,72 

18.15 

-1.4373 

.31.47 

16,40 

19.83 

-3.4254 

c 

34.54 

17,47 

21.21 

-3.7470 

37.47 

1».51 

22.54 

-4.0495 

40.17 

19.51 

23.89 

-4.3779 

42.67 

20,45 

25.23 

-4.7134 

*3.10 

2. .00 

26.23 

-4.7324 

47.4J 

2?.?0 

27.59 

-5.3898 

*9.6* 

23.59 

29.05 

-4.4607 

51.85 

25,14 

30.61 

-5.4700 

53,97 

26.62 

32.26 

-5.4345 

56,03 

28,46 

33.9* 

-9.4819 

58,03 

30, ?7 

35,77 

-4.4993 

60.00 

3?,  16 

37,73 

-4.5479 

r* 

61.93 

34,17 

39.72 

-5.5457 

63.6? 

34,45 

*1.82 

-5.3742 

65.64 

35,20 

42.23 

-6.9937 

67.52 

38.16 

44.91 

-6.7408 

69.33 

41,65 

78.18 

-6.5329 

71.1? 

45,75 

52.01 

-6.2303 

72.90 

50,76 

56.37 

-4.6536 

74.65 

54.86 

41.25 

-4.3901 

76.39 

52,76 

41.24 

-8.4778 

78.12 

62.46 

48.97 

-6.4128 

79.8* 

74.11 

78.58 

-4.4676 

■  1.5* 

87.72 

90.0* 

-7.3167 

r> 

■  3.2* 

105.22 

134.12 

1.1023 

84.9* 

122,00 

118.53 

4.4970 

■6.63 

139.64 

133.93 

5.7096 

■8.31 

185.54 

162.75 

27.7892 

90.00 

193,92 

167.93 

27.9936 

91.69 

182.75 

161.62 

21.1261 

r~ 

93.37 

125,49 

127.81 

-7.3257 

95.06 

110.02 

115.34 

-9.3178 

96.76 

100,35 

137.96 

-T.6026 

c 

98. *6 

102.65 

138.38 

-5.7271 

100.16 

101,80 

138,19 

-6.3943 

101.64 

105,18 

110.46 

-5.2788 

i  ' 

103.61 

102,29 

139.72 

-7.4336 

105.33 

106,18 

112.52 

-6.3390 

107.10 

1 06,92 

113.45 

-7.4279 

c 

108. ■■ 

107,23 

115.33 

-8.0676 

110.67 

111.71 

119.06 

-7.3522 

112.45 

116,69 

12'.. 24 

-6.3538 

/~ 

114.3? 

114,?3 

123.79 

-8.9581 

116.15 

122.17 

129. IB 

-7.0138 

118.07 

121,34 

130,67 

-9.3238 

1?0.00 

127.21 

135.78 

-8.5717 

1 ? 1 .97 

126,18 

138.38 

-17.2054 

1?3.97 

137,*0 

1*9.45 

-17.0510 

C 

126.03 

158,09 

169,93 

-10.9004 

1?6.14 

223.74 

215.88 

7,4596 

130.3? 

285. "5 

261.65 

23,4048 

132,57 

325,05 

292.99 

32.0615 

134.90 

347,75 

338,83 

38.9136 

137.77 

290,45 

2  79.. 16 

11.6865 

o 

139.  M 

30?. 12 

254.14 

17.9811 

1*2.57 

304.47 

29  7.65 

18.9152 

145.4* 

305,74 

288,11 

17.2296 

1*8.53 

304, si 

258.43 

16.4081 

131.9’ 

301,47 

247,17 

14.2968 

135.7? 

306,96 

259.43 

17.5605 

160.25 

293,68 

276.67 

16.9905 

166.07 

221.78 

2  2  8,15 

•4.8633 

160.00 

172.11 

197.21 

-25.0979 

*BS«  C38MCT109  •  9.21E  00  Off.,  K 


rf»TE8 


TAB  LK  VI-18.  APCOIM  OUTPUT 


VI- 2G 


# 


n 


RUN  NO.  17  08/6 7/69  7  POLAR.  1 fe' 5  GHZ  S£A 

ITERATION  NUMBER  0 


r 


O 


o 


c 


o 


c 


a 


o 


o 


ZENITH  ANCLE 

BRIGHTNESS 

APPARENT 

CORRECTION 

(DEC) 

TEMP,  (0EG  K) 

TEMP.  (DEG  <) 

TEMP.  (PEG 

0.03 

9.54 

13.84 

•3.2998 

13.93 

16.16 

18,53 

-7.4167 

19.78 

17,78 

20.69 

•2.8170 

24.25 

19, ?3 

22,15 

•? . 9646 

28.07 

20.46 

23.30 

•3.0414 

31.47 

23.65 

2<  .24 

•3.5797 

34.36 

21.63 

23.42 

-3.7961 

37.43 

22,30 

26.61 

•4.1033 

40.12 

23,36 

27,79 

•4.4312 

42.67 

24,26 

28.99 

-4.7239 

43.13 

24, ?4 

29.67 

•5.4353 

47.4  3 

23,43 

31,00 

•5.5658 

49.64 

26,93 

32.54 

-5.613? 

31.84 

28,68 

34.  9 

•  9 . 6  0  ;  0 

33.97 

33.43 

36.23 

•5.5503 

36.03 

33.17 

38.48 

-6.3125 

38.03 

33,38 

40.65 

•3.2834 

60.03 

37.68 

42.93 

•3.2537 

61.93 

43,38 

45.29 

-5.1979 

63.8? 

42,48 

47.72 

-3.0362 

65.69 

43.36 

49,09 

•6.0177 

67.5? 

46.16 

31.96 

•3.7993 

69.33 

49,42 

35.22 

•3.6055 

71.1? 

53,54 

58,86 

-3.3266 

72.93 

58.13 

62.87 

-4.7461 

74.6" 

63,48 

67.24 

-3.5629 

76.39 

5?.  95' 

56.06 

-8.2139 

78.12 

66.93 

73.13 

-6.2014 

79.84 

77,47 

92.05 

*4.3773 

61,34 

93.39 

92.79 

-2.4020 

83.24 

107,88 

136,53 

1.3312 

>4.94 

123.23 

119,74 

3.4834 

>6.63 

13", 92 

133.52 

■  5.401? 

88.31 

178.41 

158.45 

19.9616 

90. ''O 

182,90 

162,86 

20.0395 

91. e,? 

1*5.43 

167.14 

18.2935 

“3,37 

123.93 

126,79 

-2.9424 

95.06 

113.41 

116,03 

-5.6251 

96.76 

'02.31 

110.14 

-7.6287 

98.45 

.08.16 

112.69 

-4.5217 

130.16 

107,10 

112.59 

-3.4896 

131.88 

109.13 

113,69 

—5,6864 

103.61 

109,43 

115.24 

-5.6112 

103.35 

137, "2 

113.23 

•7.4124 

137.13 

111,41 

118.34 

-6.7259 

138.68 

115.39 

121.73 

-6.1925 

110.67 

118,28 

124.64 

-6.3592 

112.48 

123,93 

127.41 

-6,6195 

114.32 

122,10 

129.70 

•7. 6061 

116.18 

12". 39 

134.70 

-6,3054 

118.07 

129,91 

137.41 

-7.5003 

120.03 

134,51 

141.73 

-7.2203 

121.97 

134,94 

144.36 

-9.4205 

123.97 

137,24 

15D.42 

ill.  1845 

126.03 

146,09 

161.65 

•15.5584 

128.14 

206,68 

234.99 

1.6936 

130.32 

278,.'- 

256.33 

21  .  9076 

132.57 

323,76 

291.58 

32.1752 

134.93 

349,74 

309.65 

40.0882 

137,3? 

288.16 

277.65 

10.5151 

139.98 

301.20 

233.52 

17.6741 

142.37 

306,42 

297.63 

18.9955 

143.44 

304,07 

297.42 

16.6510 

148,33 

303,98 

237.91 

15.9690 

131,93 

301.10 

297.14 

13.9558 

133.75 

307.71 

2?0,25 

17.4673 

160.23 

295,73 

278.79 

16.9350 

166.07 

229,98 

233.73 

-3,7529 

180.03 

169,60 

176.41 

•27.8072 

A  IS ,  CORRECTION  ■  8 . 74  E  03  OfG,  K 


water 


TABLK  VI-l‘i.  AFC  OR  4  PI/TPIT 


VI 


4 


* 


o 

*Un 

NO.  18  08/07/69 

/  .  PDLAR, 

16.5  G‘  Z 

ITERATION 

nit 

BER  0 

1 

c 

ZENITH  ANCLE 

BRIGHTNESS 

APPARENT 

CORRECTION 

(DEG) 

TEHP,  (DEC  K)  TMP,  (DEG  <  1 

TEND.  ("EG  <) 

c 

0.00 

8,97 

11.85 

-  2  .  b  8  8  4 

13. 9? 

8.70 

12.13 

-3.4358 

19,7' 

9,85 

13.35 

-3.5028 

r 

29.  25 

11.03 

14.74 

-3.7184 

28.07 

12.11 

16.23 

-4.1273 

31.47 

1* .  78 

18.34 

-4.0518 

r~ 

34.54 

1'.35 

19.85 

-4.4949 

37.43 

16,41 

21.31 

-4.9065 

*0.17 

17,79 

22.75 

-5.4601 

s~- 

*2.67 

18.01 

24.17 

-6.1631 

45.10 

18,09 

25.31 

-7.2174 

*7.43 

18,70 

26.76 

-8.0617 

- 

*9.6« 

19.43 

28,32 

-8.8855 

51.85 

20.31 

29,96 

-9.6505 

53.97 

21.40 

31.69 

-10,2899 

r‘ 

56.03 

22.19 

33.28 

-11,0990 

58.03 

23.58 

35.25 

-11.8663 

60,00 

25.10 

37.36 

-12.2576 

r*. 

61.93 

28,83 

39.61 

-17.7761 

63,62 

2«,*8 

41.99 

-13.11- 

65. 6» 

29.17 

43.52 

-14.3529 

67.52 

31,85 

46.40 

-14.5461 

69.33 

34.91 

49,65 

-14.7473 

71.12 

38,42 

53.29 

-14.8647 

o 

72.90 

42.51 

57.28 

-14.7762 

74.65 

47,34 

61.63 

-14.2975 

76.39 

45,46 

62.81 

-17.3533 

78.17 

52.48 

69.06 

-16.5786 

* 

79.8* 

60,70 

76,55 

-15.8436 

«1.54 

70.70 

85,26 

-14.5623 

*3.2* 

70,70 

99,45 

-19.2551 

*4.94 

90,59 

106.04 

-15.4498 

86.63 

119.57 

129.59 

-10.0177 

88.31 

183,71 

172.18 

11.5304 

90.00 

215,70 

197.50 

17.7017 

91.69 

240,10 

217,47 

27.6346 

r 

93.37 

255,16 

230.80 

24.3583 

95.06 

267,54 

241.45 

26.0929 

98.76 

274,84 

248. oe 

26.4671 

~ 

95 ,48 

272,05 

248.74 

23.3548 

100.16 

271,39 

249.43 

21.9583 

101.88 

267,33 

247,93 

19.3476 

103.61 

265,47 

247,41 

in,  2648 

105.35 

267.01 

245,63 

17.0823 

107.10 

253,49 

240,45 

13.0405 

o 

108.8* 

246,06 

235.90 

10.1588 

vw 

110.67 

241,61 

232.89 

9.7219 

112.4* 

234,55 

C28.58 

15.9750 

/"■x 

114.32 

227,80 

274,51 

3.2861 

116.1“ 

224,47 

222.36 

2.1150 

118.07 

271.72 

270.51 

1.2133 

/ — 

120.00 

211.34 

214,83 

-3.4911 

121.97 

203,59 

213.37 

-4.7799 

123.  r 

203,99 

211.56 

-7.5776 

176.03 

200,37 

211,34 

-10.^748 

128.1* 

205,45 

218.33 

-12.6863 

130.37 

256.J8 

251,21 

5.0715 

132.57 

28“,73 

275.29 

13.6427 

134.90 

310,79 

290.83 

19.4582 

137.33 

790,61 

283.00 

7,6102 

0 

139.0“ 

307.53 

200,97 

11.5533 

1*2.57 

309,01 

296,86 

13.0489 

1*5.** 

317,80 

298.42 

12,0794 

1*8.53 

311,80 

299,71 

12.0898 

v 

151.93 

309.96 

298.82 

11.1436 

155.75 

306.40 

295.94 

10.6635 

160,25 

295,21 

286,33  • 

8.8797 

166.07 

260,02 

260.25 

-0.2589 

180, P0 

182,50 

215.23 

-32.7277 

•  AS 5.  CORRECT! OH  •  l.m  01  HFG#  K 

TABLE  VI- 20.  A  PC  OH  4  OUTPUT  VI-2.S 


n 

O 


NO.  19  08/07/69  V'  ?DUH,  1&'.5  GHZ 

ITERATION  NJM8ER  0 


SEA 


O 


!  r 

!  c 

r 


c 

c 


o 

c 


ZENITH  ANCLE 
(DEC) 

0.00 

13.90 

19,70 

29.75 

28.07 

31.97 
34,56 

37.93 

90.12 

92.67 

93.10 

97.93 
99.6" 

51.86 

53.97 
56.03 
58,03 
60.00 

61.93 
63.82 

65.68 

67.52 

69.33 
71.17 

72.90 

79.65 
76.39 

76.12 
79.09 
81.59 

63.29 
89.99 
’6.63 
88.31 
90.00 

91.69 
93.  J7 
95.06 

96.76 

98.96 

100.16 

101.88 

103.61 

105.35 

107.10 

108.88 

110.67 

112.98 

119.32 
116.18 
118,07 
120.00 

121.97 

173.97 
126.03 
128.19 

170.32 

172.57 

139.90 

177.33 

179.98 

192.57 

195.99 

198.33 

151.93 
153.75 

160.25 
166.07 
180.00 


BRIGHTNESS 
Temp,  (DEC  K ) 

7,72 

9,93 

10,81 

11.63 

12.95 

11,85 

12,80 

13.80 

19.80 
15.73 

16.84 

17.81 

18.85 

19.97 
21  .29 

21.86 
23,79 
25.02 

26,87 
29,09 

29.29 

32,10 

35.86 

39.12 

93.99 

98.61 
97,58 

59.86 
53.72 

73.52  ’ 

73.29 
93.75 

122.70 

186.89 
218,00 
292,37 

256.98 
268.13 

279.90 
269,19 

269,29 

268.91 

261.21 

256.85 

251.71 

295,90 

238,95 

232,65 

227.52 
220,24 
2  l  9  ;  2  9 

219.12 

208.53 

201.63 

196.10 

206,?o 

290,4b 

270.10 

296.98 
266,15 

297,26 
309,14 
301,56 
302,28 

300.54 

301,22 
791,73 

256.55 

170,85 


APPARENT 
T£ HP ,  (DEC  K) 

11,76 

12.85 

13.95 
15.07 
16.20 

16.61 

17.93 

19.32 

20.85 

22.97  ' 

29.27 
26.03 

27.63 

29,65 
31.51 
33,09 
35.09 

37.28 

39.61 
92.0? 

33.63 
96.59 
50,03 
53,  62 
58.03 

62.63 

69.33 
70,83 

78.97 
B7.39 

31.69 

136.31 

131.81 

179.33 
179.38 

218.93 

231.63 

291.64 
247.62 

296.67 

247.67 

247.72 
244,07 
241,53 

238,42 

234,55 

230,26 

276.58 
273,25 

213,87 

215.41 

215.23 

212.42 

209.33 
208.84 
216,46 

245,61 

267.42 

282,11 
278.03 

205.77 

271.11 

270.72 
271.51 

270,81 
270,39 

281.86 

285.77 
236, CB 


CORRECTION 
TEHP.  ( DEO  <) 

-7.0371 
-7.9169 
-3.1445 
-3.4375 
-3.7501 
-4.7626 
-5.3939 
-5,5207 
-6.6533 
-6.7488 
-7.4327 
-8.2217 
-8.9748 
-9.6853 
-10.2719 
-11.1777 
-11.6985 
-12. 2*86 
-12.7490 
-17. 0458 
-14.3512 
•14.4935 
•14.6408 
-14.6941 
-14.5422 
*14 , 0 »  2  2 
-16.7516 
-15.9360 
-15.1495 
•13.8185 
-18.4042 
-14.5605 
-7.1111 
12.5013 
18.6156 
>3.4399 
24.BB96 
26.4966 
26.7860 
22,5187 
21.5973 
20.6912 
17.1368 
15.3227 
13.2899 
10.8523 
8.1834 
6.0679 
4.268  1 
1.37)0 
-1  . 1689 
-1.1069 
'-7. 8907 
-7,4729 
-10.7379 
-11  .2608 
4.0554 
11.6758 
16.8758 
8.1193 
11.5373 
13.0367 
10.8363 
10,7643 
9.7323 
10.8302 
9,4718 

0.7847 

-35.2306 


ABS.  CORRECTION  ■  1 , 1 4E  01  OFC ,  K 

/•> 


rf  A  T  £  ft 


TABLE  VI-21.  APCOIU  OUTPUT 


VI  “21) 


o 

rs  HUN  NO,  2t>  08/O7'69  A  POUR.  u's&i.:  '  “  \  »  A  f  E  R 


ITlAATRlN  NUMBER  3 


f' 

tINITH  ANOU 

BRt&STNfSS 

apparemt 

CO# RFC  7 10 

(OEC) 

TIM?,  t DEG  K ) 

TEHP,  (OEC  K) 

TEMP,  (DEC 

c 

0.0:3 

9,34  . 

11.65 

•2.3070 

13.93 

6,14  . 

11.50 

•3.1611 

✓**>v 

19.73 

9.21 

12.48 

-3.2783 

o 

24.25 

10,17 

13.66 

•3.4925 

28e07 

11.20 

14,95 

•3.7497 

11 1  47 

n.oi 

16.69 

-3.6873 

74.5* 

14,  n: 

18,05 

-  '  .03R8 

37  .V* 

15.05 

19.3? 

•4.3434 

*0.12 

16,00 

20.73 

•4,6460 

o 

42.67 

17.16 

22.07 

•4.9071 

45.  JO 

17.29 

22.88 

•’5.5951 

4T.43 

1*.65 

24,35 

0-3,7030 

0 

49.68 

20.30 

26,01 

•3.7320 

31.86 

22,19 

27.91 

-3.7128 

o 

33.97 

24.29 

29,96 

•3.6777 

56.03 

27.22 

32.53 

•3.3136 

38.01 

29 1 50 

34,80 

•3.3063 

o 

60.00 

31,83 

37,12 

-5,2887 

61.93 

34,26 

39,48 

-3.2207 

63.87 

36,92 

41.88 

-4.9633 

r~ 

65. 6« 

35.67 

42,34 

-6,6708 

67.52 

38,98 

45.31 

-6,3316 

69.33 

42.81 

48.66 

•6,0450 

„ 

71.12 

47,29 

52.97 

••8.6770 

72.90 

57,54 

57,61 

•5.0750 

74.65 

58,72 

62,7? 

-4.0728 

76.39 

59,  IP 

65,32 

•  6.1417 

78.12 

68,08 

72,61 

•4.5329 

79.84 

78, .'6 

81.22 

-2.9434 

81.54 

89,45 

91,14 

•1.1902 

63.24 

10*e30 

102,98 

1.5292 

64.94 

118.77 

114,89 

3.3766 

/ — • 

86.63 

132,49 

127.47 

3.0211 

68.31 

169,42 

150.74 

18.6812 

90.00 

173.30 

154.66 

18.6437 

o 

91.69 

166,00 

149,09 

16.9)84 

93.37 

116,59 

120,05 

|  -3. 4855 

95.06 

104,17 

110,15 

-3,9839 

0 

96.76 

97,40 

id1;,  is 

-•’.7866 

98.46 

104,41 

138,73 

:  -u.179 

100.16 

104,73 

139,62 

:  -4  .  :•  BR 1 

101.88 

107,45 

111.78 

•  t .  2  1 7  6 

o 

in-. 61 

103,80 

111,67 

•  5  •  o  7  o  4 

105.35 

105,63 

112,53 

-6.8656 

o 

107.10 

109,29 

115,62 

-6.3255 

108.88 

113,36 

119,45 

-3.5871 

110.67 

117,72 

122.93 

•3.1772 

112.48 

113,7? 

124.56 

•6,2726 

114.32 

117,24 

126,47 

-7.2260 

116. 1R 

122,85 

130.03 

-7,1467 

118.07 

127,40 

134,26 

-6,8638 

0 

170.00 

134,40 

137,91 

-7.5087 

121.97 

132,38 

141,63 

"9.2146 

123.97 

137,04 

148,42 

-11.3741 

c 

126.03 

157.46 

164,55 

-12,0922 

128.14 

212,30 

237.73 

5. 0982 

p 

130.32 

276,78 

254,36 

22.4212 

132.37 

317,70 

286,22 

31.4802 

134.90 

340.81 

332.29 

38.5179 

a 

137.33 

283,45 

272.31 

11.1368 

139,88 

274,50 

277,02 

17.4710 

142.57 

298,50 

280,03 

18.4944 

o 

143.44 

294,07 

278,41 

15.6609 

148,33 

292,87 

278,04 

14,8273 

191.93 

289,46 

276,76 

12.6945 

133.75 

295,47 

260.07 

14.3968 

t,  • 

160.25 

285,00 

269. U 

13.8791 

166,07 

221.48 

225.81 

.-4.3273 

r~- 

180.00 

164,77 

191.25 

-26.4806 

ASS,  CORRECTION  ■  8, ATE  00  OfO.  K 


’1ABI.K  VI-22.  APCOIU  OUTPUT 


VI- 


* 


0 

run 

NO.  21  0 

ITERATION  number  0 

Zenith  angle 

9RJGHTNE 

1  dec  ) 

TgHP,  (OEi 

0 ,00 

11.53 

13.9? 

11.28 

19.7*5 

It. 40 

24,25 

13,53 

28.07 

14.56 

31.47 

16.02 

;  O  ' 

34.5ft 

17,00 

1 

37.47 

18,86 

i 

*0.12 

19.42 

O 

*2.67 

20,31 

45,10 

19.85 

47,4? 

20,33 

o 

49.66 

21.04 

?l  •  86 

21.74 

! 

?3.97 

23,49 

:  o 

56.03 

24.24 

56.03 

25,74 

60.00 

27,36 

n 

61.93 

29,18 

63,82 

31, ?3 

65,68 

31.85 

r* 

67.52 

34.53 

69.3? 

37,38 

71.12 

41.03 

r- 

72.90 

45.01 

74.65 

49,75 

76.39 

46,49 

78.12 

53.65 

79,84 

62,10 

81.5* 

72,45 

r 

"3.24 

73.50 

8* .  94 

94,00 

86,63 

122.65 

o 

8«.3l 

165.73 

90.03 

216,12 

91.69 

239,59 

o  ' 

93.37 

252.91 

95.0ft 

263,27 

96.76 

268,06 

o 

98.4ft 

258,31 

100.1ft 

238,51 

101.88 

259.94 

103.61 

252.08 

105,3? 

246.36 

107.10 

241,78 

o 

108.88 

233.16 

110.67 

234,46 

f* 

112.48 

227,37 

c 

114,3? 

222,91 

116. 16 

219,57 

116.07 

212,97 

o 

120,00 

210,38 

121.97 

201.39 

123.97 

204.32 

o 

126.03 

207,54 

128.14 

223,79 

130,32 

271,84 

13?. 67 

102,27 

134,90 

320,38 

O 

137.33 

297,(17 

139,8* 

’01,56 

1*2,57 

305,42  - 

145.44 

307,0* 

o 

148.53 

303,95 

15*. 93 

296,1* 

, 

155,75 

272,88 

0 

160.25 

253,06 

166,07 

219,88 

180.00 

183,06 

V  POUR,  16*  1  G  -*2  SEA  WATER 


APPAAP'jY 

TENP.  U'EG  K1 

14.3? 

14.61 
'5.33 

r.'.is 

J  8 . 61 
JO. S3 
22. 54 

73.61 
24.94 
26.2? 
27,06 
74.43 
29. SB 
H.51 
♦  3.26 
15,0* 

37.03 

39.21 

41.53 
43.91 
*5,59 
46,45 
51.67 

55.22 
59.11 

53.32 
63,69 
69.94 
77.57 
46.55 

91.61 

138.25 

131.53 

173.32 

197.75 

216.63 
226,58 

237.63 
2*2.43 

238.76 
239,65 
240.85 

236.87 

233.62 

230.93 
228,75 
226.44 

222.33 

219.63 

217.53 

213.93 
212.51 

238.73 

212.34 

215.87 

229.42 
251,27 
243.78 
296. BB 

243.74 
248,97 
232.1? 

233.42 
291.26 
285,06 
269.16 
253.3? 

229.74 

237.53 


C09*»rCTI3N 
TMP.  (?FG  K) 

-P.fi 303 

-3.3303 

-3,404.3 

-3 » 62>' 4 

*■4.0512 

-3.8746 

-4.3338 

-4.7518 

-5.3160 

-6,3158 

-7.2104 

-fi.3442 

-  fi  .  1 4  6 1 

-9.568R 

-10,1679 

-lo. non 

-11 .3164 
-11.6V  5 
-17.32,3 
-1  7.63->» 
-13.7367 
-13,9081 
-14.0852 
-14.1931 
-14.0992 
-13.5572 
-17.1993 
-16.2941 
-15,4695 
-14.1005 
-18.1078 
•14.2503 
-8.8553 
17.4147 
18.3674 
22.9900 
24.3249 
25.6473 
25.6537 
19.5482 
18.8570 
14.088? 
15.2122 
17.7474 
*0.8438 
9.3926 
8.0536 
5 , 0<>55 
3.3173 
2.0412 
-G.9511 
-7.1346 
-8,8137 
-6.0282 
-8.3321 
-5.6348 
10.5849 
18,4871 
27.7026 
9, 090? 
17.589? 
11.2342 
13.6239 
17.bV9? 

J.)  .0780 
3.7239 
-0.3313 
-9.8538 
*24.4670 


*85,  CORRECTION  *  1.13E  01  DEG,  K 

TABLK  VI-23.  APCOIM  OUTPUT 


f 

> 

i 

t 


VI -31 


r 


f 

i 

< 


sea  .iatca 


}  ,  -  - 

i 


4 

o 

R3M  NO,  ;?  00/08/09 

H  P0U8. 

16'.  5  GH! 

f  • 

ITCR4TI0M 

i 

' 

IEmith  a*k: 

LE  PKTGHTnESS 

APPARENT 

C09«FCT33S 

■ 

(DEG) 

TEKP,  *  DEG  X)  T|HP,  (DEG  K) 

Tt  HP,  t  DEG 

r 

r 

0.0-1 

11.31 

15.35 

-4, 0499 

! 

i 

; 

16,28 

18,55 

-7.7741 

1  0 

19.  75 

1M1 

19,99 

-7,6779 

24.25 

18, ?2 

21.1* 

-7.9130 

i 

28.0? 

19,15 

22.14 

-7.9868 

| 

31*4? 

10,04 

22.05 

-4.0051 

* 

34.56 

18.09 

23.09 

-4,1964 

37.4') 

19,72 

2*. 2* 

-4.5242 

r* 

♦  0.1? 

20,64 

25,43 

-  4  »  B  5  i  7 

1 

*2.67 

21  c  66 

26.8? 

-5,1608 

2 

*■',10 

22.45 

2  8,0? 

-5.5732 

!  c 

*7.43 

23.85 

29,54 

-1,6870 

*9.68 

25.48 

31,20 

-5.7158 

! 

51.3* 

2 7C  7 9 

32,99 

-4,7304 

i 

j  0 

53.97 

29,26 

34.93 

,4,6476 

56,03 

31  .32 

36,94 

-5,6181 

1 

58.03 

33,46 

39.07 

•6.6119 

’  r* 

60.00 

35,69 

*1.31 

-5,6189 

J 

61.93 

38.07 

43,63 

-5.6776 

{ 

63.82 

40.72 

46.CS 

■*5.3608 

65.63 

40,01 

*6.8  5 

-6.8550 

67.5? 

43.36 

*9.93 

-6.5372 

69.33 

47,24 

53.53 

-6.2563 

| 

71.1? 

51,75 

57,63 

-8,8833 

72.90 

57.06 

62.29 

-5.2343 

7*. 65 

63,38 

67,46 

-4.0B3B 

r> 

76.3? 

61,69 

58,83 

-7.1412 

.{ 

78.12 

71,19 

76,47 

-5,2805 

70.93 

82.17 

*5.69 

-3.5201 

81.54 

94,98 

96, *9 

-1,6099 

83.2* 

112,66 

110.32 

7.5371 

04.94 

17.7,11 

122.82 

,  4.2934 

j 

86,63 

141,31 

135.37 

5.9350 

i  ' . 

88.31 

176,27 

157.46 

18,8096 

j 

90.00 

179,33 

160.70 

18.6350 

91.69 

171,16 

156,41 

16,7535 

i  c 

93.37 

119,99 

124,27 

-4.2820 

\ 

95.0* 

107,05 

113.95 

-.6,9008 

96.76 

100,17 

138.92 

-4,7512 

o 

98. *6 

109,12 

113.5* 

-4.4211 

j 

100.16 

108,99 

114.2* 

-5. 3487 

- 

■  0 

101.98 

100,71 

115.63 

-5,9176 

103.61 

HI, 91 

117,6* 

-6,3364 

105.33 

117, <6 

122,33 

-4 . 8406 

107.10 

119,01 

124,42 

“5.4168 

106.80 

122,21 

127.51 

-5.2955 

110.6? 

126,34 

Hv,95 

-4.6235 

112.48 

124,95 

131.5* 

-6,5891 

11*. 3? 

129,48 

135.05 

-5.5732 

116.18 

123,40 

134.55 

-9.0997 

i 

118.07 

134,1? 

1*0.85 

-6i,  7034 

120.00 

136,00 

1*4.2* 

-4,238* 

121.97 

139,94 

149,63 

-9.694$ 

123.97 

150,19 

150.44 

•  10, ?  52  8 

126.03 

177, >2 

153.29 

-6,1724 

128.1* 

231,65 

223.38 

8.2707 

•  C; 

1 

130.3? 

289,92 

263,64 

23.2748 

132.57 

?  2  5 « 6  9 

294,42 

31,2718 

1 

13*. 90 

346,79 

338,77 

37,5215 

137.33 

293,71 

280.95 

12.2*82 

i  D 

139.88 

307.93 

285.04 

1,7.6947 

•  i 

1*2.57 

306.04 

287.62 

18.4175 

i 

i  o 

145. *4 

305.79 

258,26 

17.50*6 

1*8.53 

303,73 

256.93 

16,2780 

i 

151.93 

296.97 

252.92 

14.0446 

<• 

i 

1 55c 75 

291,76 

277,86 

13,8928 

i  C 

160.25 

273.91 

261.37 

12.5399 

i 

i66.07 

197,06 

211.65 

-14.7634 

1*0.00 

186,6* 

232.05 

■14,4088 

AM,  CnRAECTlON  •  0.36E  00  DEG.  K  . 

i  \ 

TABLE  VI-24.  APCOIM  OUTPUT  VI- 32 

i 


»y“  NO 


23  38/08/69  ? 


>31**  . 


ITERATIOM  SJ^Bc«  5 


c 

ZCNITh  A^LE 

MlS*f\E5S 

A»"A?E  -,7 

(DEC) 

TEH".  ,?£S  k) 

jr  ¥»  {  0;  ' 

<)  T1 !  1  r 

c 

5. 03 

11.39 

12.  >5 

*  i . :  6  ?  ? 

13.93 

5.41 

7.*o 

-4.:s7> 

19.75 

6.28 

13,21 

-3.-304 

c 

24.25 

7.45 

11.57 

-4.1255 

28.07 

8.62 

13.27 

.  66i* 

31.47 

1",48 

17,05. 

--.511" 

r 

34.5*' 

14.32 

59.76 

-4.3304 

37.43 

15.96 

70.37 

-..4121 

40.1? 

16.90 

71.89 

-4.7695 

r~ 

42.67 

17.56 

25.26 

-  5 .  ?  0  7  ? 

45.  n 

i  7 , 59 

?4. 36 

-4.766* 

47.43 

1 " .  02 

25.61 

-7. 6"9? 

49.64 

la."l 

2  7,  CO 

-8.4?33 

51.84 

19.03 

2  5  ,  ?  4 

-9.2966 

53.97 

1  *  .  "  3 

79. 7i 

-9  •  9  4  7  4 

s*' 

36.03 

19,43 

30.61 

-11.1774 

58.03 

20.50 

32.2" 

-ii . ?*;c 

60,00 

21.75 

3". 15 

•  i  9  .  *  3 1  9 

r 

61.93 

2". "9 

36.2  9 

-t " •  33  3  * 

63.62 

26,18 

3" ,  c  1 

-13.477* 

65.63 

26.67 

43.77 

-1*  i;:? 

67.52 

29.19 

43.56 

- 1  *  .  2  ’  -7 

69.33 

31.09 

46.12 

-i..6tl3 

71.12 

35.11 

49,94 

-14.5il5 

- 

72.90 

30.73 

63,53 

-1*. 53*9 

74.65 

43.06 

"7. 

-1*.3?36 

76.33 

36. "9 

56.1! 

'W.2192 

r 

78.1? 

44,03 

62.24 

-18.2565 

79.84 

5-,  67 

70.0  5 

-17. *113 

"1.54 

63.53 

79.47 

-15. 91"? 

c 

"3.24 

64.09 

54,51 

-20.470? 

"4.94 

86.65 

157.5" 

-1- . 37?6 

"6.63 

11". 42 

128.3? 

-9.9463 

o 

"8.31 

i9i. n 

176.03 

15.30  3 

90.00 

223, "3 

2"7,21 

21.6157 

91.69 

246,09 

225.82 

26.1656 

93.37 

257,03 

228.23 

23. *740 

w 

93.06 

26o,"4 

236.0?  ' 

2*. 753? 

96.76 

264,09 

240.55 

2*.**36 

o 

98.46 

257,77 

233.46 

19.5361 

100.16 

25*. 10 

239,57 

18.5279 

101.8" 

258. Pi 

243.53 

17.4736 

103.61 

262,06 

243.24 

1».E269 

105.35 

255.39 

2 "0.  13 

15.7563 

107.10 

245,73 

234.54 

ll,24'l 

108.8" 

24! ,»? 

231.97 

6,4985 

110.67 

240,90 

231,37 

9.5330 

112.4" 

230. "7 

225.94 

4.9236 

r- 

114.32 

230,55 

225.41 

5,1409 

116.1" 

223.61 

221 .cl 

7.3317 

118.07 

220, "1 

2  1 9  .  E  3 

3,7849 

C 

120.00 

216.00 

217,26 

-1.1809 

121.97 

206,50 

212.35 

-5.867" 

123.97 

204,63 

217.14 

-7.3397 

r 

126.0" 

207.48 

212.95 

-10.4767 

128.14 

212,55 

227.62 

-10.069? 

130.32 

25",75 

252,87 

5. 38^6 

,-S 

132.57 

28". 69 

275.55 

13. 14.1 

134.90 

309.76 

c ?0 . 8  2 

18.4331 

137.3" 

798,43 

2 "6 1 3  " 

9.5452 

0 

139.8" 

.'07.  ,'.2 

2 "4 . 6  5 

12.9623 

142.37 

314,13 

2 ?9, 6 4 

14.4977 

145.44 

30?  ,91 

297.2? 

10.6258 

O 

148,53 

30". "7 

297.91 

10.4567 

131.93 

307,24 

298,01 

9.234? 

153.75 

314,49 

301,83 

17.6915 

f~\ 

160.25 

307,08 

295.19 

11 .f 95? 

166.07 

271,82 

266.63 

3.182? 

r\ 

180.00 

175,62 

213.23 

*37.6335 

A85,  Cr".*6C7I0V 

*  1.19E  Cl 

DEC,  < 

TAB  Mi  VI- 

25.  APCOn 

1  on  PUT 

sea  me* 


o 

RUN 

NO.  2*  08/08/69  4  POLAR, 

16*3  GHZ 

iteration  number  0 

zenith  ancle 

BRIGHTNESS 

4PPARENT 

CORRECTION 

r< 

(OEC) 

Temp,  (OEC  to 

temp.  lore  x) 

Temp.  (DEC  1 

0.00 

11.38 

15.39 

•4.0121 

1).9) 

14.71 

17.42 

•1.2077 

r\ 

19. 7J 

13.85 

19.16 

-1.3299 

24.23 

17.48 

20.92 

•1.4310 

28. 07 

18,98 

22.63 

-1.6702 

C 

31.47 

22,09 

23.23 

•1.1413 

34.36 

23,34 

26,81 

•3.4726 

37.43 

24,31 

28.23 

•1.7431 

40.12 

23,96 

29.60 

•4.0442 

42.67 

26. n 

30.86 

•4.3361 

43*J,0 

26,99 

31.83 

*4.8346 

47.43 

28,00 

33.02 

*9.0171 

■> 

49.68 

29.11 

34.26 

-1.1437 

31.86 

30,13 

33.54 

-1.2084 

33.97 

31.73 

36.89 

•1.1296 

36.03 

•  30,89 

37.09 

-6.1«28 

38.03 

32,77 

38.86 

•6.0922 

/■V 

60.00 

34.9? 

41.03 

•6.0994 

i 

61.93 

37.14 

43.37 

•6.0366 

63.82 

40,44 

46.47 

•6.0127 

63.68 

45,03 

50.31 

•3.3268 

67.32 

48.17 

13.79 

-1.2177 

69.33 

32,31 

17.34 

-1.0316 

91.12 

56.78 

61.02 

-4.7434 

72.90 

60,76 

64.85 

•4.0941 

76.63 

66,16 

68.81 

•7.6923 

0 

76.39  • 

34.38 

64.33 

-0.7663 

78.12 

64.17 

71.48 

•  -7.3122 

79.84 

71.63 

80.93 

-1.2862 

o 

81.34 

89.47 

>2.67 

-1.1936 

83.26 

113,72 

139.99 

3.2102 

84,94 

128.46 

123.10 

.  3,3603 

C 

66.63 

142,12 

133.12 

-  7.0916 

88.31 

170,09 

153.21 

16.8824 

90.00 

172.63 

195.97 

16.6821 

91.69 

163.37 

190.41 

14,9490 

o 

93.37 

120,81 

124.29 

.-1.1943 

*3.06 

109,71 

115.04 

-1.8133 

96.76 

102,77 

.  110.39 

-7.6168 

o 

98.46 

109.71 

113,91 

-4.1931 

100.16 

109,93 

114.17 

-1.2*17 

Q. 

101.88 

109,04 

113.04 

-9.9997 

103.61 

117.33 

117.69 

-3.3996 

103.33 

111,66 

118.38 

-6.9217 

107.10 

118.14 

123.29 

-1.1102 

o 

108.88 

121.17 

126.16 

•4.9929 

110.67 

119,90 

126,83 

-4.9947 

r\ 

112.48 

123,09 

129.91 

-6.8383 

114.32 

127,08 

133.66 

-6.3792 

116.13 

137,21 

138.06 

-9.8668 

118.07 

132.01 

139.93 

-7.9180 

C 

120.00 

133.99 

144.39 

-8.3120 

121.97  . 

144,96 

191.98 

-7.0269 

r' 

123.97 

146.37 

1.97.66 

-11.0868 

126.03 

169.67 

177.43 

-7.7872 

128.14 

218.78 

213.93 

4.8496 

Cj 

130.32 

273.73 

299.68 

20.0927 

132.37 

313.75 

295.08 

28.1681 

134.90 

335,92 

331.41 

34.4079 

o 

137.33 

293,43 

230.42 

13.0H2 

139.38 

303.06 

236.3? 

18,4678 

142.37 

310,36 

290.73 

19.6309 

14-3.44 

306,01 

289.43 

16,3623 

c 

148.33 

303.30 

289.66 

13.8432 

131.93 

302.44 

288.81 

13.6235 

133.73 

311.46 

293,2? 

18.1717 

160.23 

299,06 

2B1.J9 

17.7746 

166.07 

227,03 

232.02 

•6.9813 

160.00 

161,28 

191,60 

•30.1243 

ASS,  CORRECTION  *  I.32E  00  DEO',  X 


TABLE  VI-26.  APCOR4  OUTPUT 


VI- 34 


16‘.  5  GHZ 


SEA  MATER 


f  O 

I  » 


o 

r 


n 


r\ 

:  n 

i  o 

t 

i 

j  o 

I 

'  o 

I 

:  o 
'  o 

I 

:  o 

o 
|  c 

i . 

•  { 


!  c 

i 

n 


o 


I 


i  o 

i 

i 

o 

o 


o 


NO.  25  08/12/49  V  POLAR , 

ITERATION  NUMBER  o 


ZENITH  ANCLE 
(DEC) 

o.oo 

13.93 

19.75 

24.23 
28.07 
31,47 
34.54 

37.43 
4  0  .*1 2 

42.67 

45.10 

47.43 
49. 6R 
51.86 

53.97 
56.03 
38.03 
60.00 

61.93 

63.82 

65.63 

67.52 

69.33 

71.12 

72.90 
74,65 

76.39 

78.12 

79.84 

81.34 

83.24 

84.94 

86.63 
88.31 
90.00 
91.69 

93.37 
93.06 

96.76 

98.46 

100.16 

101.88 

103.61 

105.33 

107,10 

108.88 

110.67 

112.48 

114.32 

116.18 
118.07 
120.00 

121.97 

123.97 
126.03 

126.14 

130.32 

132.57 

134.90 

137.33 

139.88 

142.57 
145.44 

148.33 

151.93 

155.73 
160.25 
166.07 
180.00 


BRIGHTNESS 
TEHP.  JOEC  K) 

4.32 

7.87 

9.07 

13.22 

11.23 

12.93 

13.84 
14.71 

13.41 
16.00 
15.19 
15.75 

16.41 
17.79 
19.22 

22.73 
24.30 

25.77 
27.17 
28.69 

25.90 

27.36 

30.25 

33.21 

36.88 

41.46 

38.64 

43.91 

54.39 

65.21 

68.38 

88.21 
115.24 
171.03 

200.36 

224.93 

243.34 
256.92 

265.39 

261.97 
265.00 

268.36 

262.41 
252.76 

249.84 

243.83 

233.11 
227.74 

227.32 

217.52 

•  212.73 

203,08 

203.83 

197.36 
194.95 

210.62 
254.80 

284.14 

303.48 
266.47 

297.39 

304.36 
302.99 

304.98 
303.07 

309.19 

302.64 

273.39 

186.73 


APPARENT 
TEMP.  (DEC  K ) 

9.79 

10.98 

12.29 

13.64 

15.01 

16.77 

18.11 

19.41 

20.68 

21.92 

22.46 
23.86 

25.48 

27.35 

29.43 

32.62 

34.78 

36.83 

38.78 
*9. 64 
40.27 
42. A7 
45.17 

48.35 
52.00 

56.11 
56.71 
63.04 
70.81 
80.00 

56.19 

102.36 

124.36 
161.99 

183.77 

235.39 
220.63 

232.16 
239.75 

240.23 

243.43 

266.11 

243,41 
238.06 
236.02 

232.14 
225.95 

222.38 

221.94 

•  .  216.41 

213.16  * 
239.01 

238.51 

233.92 

236.78 

219.51 
249.03 

270.93 

283.24 

278.83 
286.27 

291.83 

292.33 

294.23 
293.05 

297.24 

291.53 
270.29 

219.68 


CORRECTION 
TEHP.  (0€C  *C) 

-3.2749 

-3.1123 

-3.2254 

-3.4230 
-3.7828 
-3.8440 
-4.2744 
-4.7003 
-3.2639 
-5.9189 
-7.2980 
-8.1035 
-8.8730 
-9.5612 
•10.2105 
-9.8826 
•10.4768 
-11.0395 
-11.6137 
-11.9502 
-14.3720 
-14.6129  , 

-14.97C8 
-15.1401 
-15.1231 
-14.6498 
-18.0700 
-17.1277 
-16.2162 
-14.7898 
-17.8047 
-14.1530 
-9.1237 
9.0433 
14.7866 
19.5403 
22.7084 
24.7608 
25.6399 
21.7135 
21.6522 
22.2364 
19.2076 
14.7002 
13.8221 
11.4887 
7.1447 
8.1617 
5.5749 
.  1.4139 

-0.4467 
-3.9278 
-4.6724  •  ’ 

-8.5567 
-11.8298 
-8.8967 
8.7529 
13.1918 
18.2423 
7.6758 
11.1203 
12.3284 
10.6481 
10.7778 
10.0219 
11.9541 
11.0943 
3.0993 
-32.9531 


*8$.  CORRECTION  •  1.13E  01  DEC.  K 


TATI  LI"  VI -27.  APCOR4  OUTPUT 


VI- 35 


O 


;  ^ 

o 

o 

o 

o 

© 

o 


i  ° 

I 

I 

s  r 


I 

j 

i 


n 

i 

I  r 
o 


C 

I  ^ 

:  O 

I  O 


o 


RUW  NO.  21  08/12/69  V  .POUR, 

ITERATION  number  o 


ienith  ancle 
(DEO 

o.or> 

1}. 93 

19.79 

29.25 
28 .07 

31.47 
39.55 

37.93 
*0.12 
*2.67 

95.10 

97.43 
*9,69 
51.86 

53.97 
56.03 
58.03 
60.00 

61.93 
63.8? 

65. 6P 

67.57 

69,33 

71.12 

72.90 
79.65 

76.39 

78.12 
79.84 
81.54 

83.24 
84.99 

66.63 

88.31 
90.00 

91.69 

93.37 
95.06 

96.76 

98.46 

100.16 

101.88 

103.61 

105.35 

107.10 

108.88 

110.67 

112.46 

114.32 
116.16 
118.07 
120.00 

111. 97 
17*. 97 
126.03 
178.14 

130.32 

132.57 

134,90 

137.33 
139.86 
1*2 i 57 
143.44 

148.93 

131.93 

153.73 
160.23 
166.07 
180.00 


5RICHTNESS 
temp,  (OEC  K) 

4.70 

7.32 

8.72 

10.10 

11.27 

14.79 

13.76 

16.46 

17.26 

17.68 

16.06 

16.33 
17.04 

18.10 

19.32 

22.30 

24.26 
26.06 

27.93 
30.02 

29.31 
31.9i 

34.48 

36.34 

42.40 

47.28 

44.64 

32.11 

60.69 

71.13 

71.93 

92.69 

121.74 
183.80 

216.57 

240.38 

253.38 

264.39 

270.60 

266.19 

265.77 

263.61 
259.72 

253.28 

250.26 

244.74 
236.96 

233.67 

227.68 

222.33 
217.22 

212.61 
203.03 

203.24 

197.30 

220.43 

259.90 

286.68 
304.41 

289.38 

299.38 

303.62 
303,06 
306.06 
304.36 

304.90 
293.02 

262.28 

167.19 


APPARENT 
temp.  (DEC  <) 

10.05 

10.38 

12.3) 

13.91 

15.33 

18.45 

19,97 

21.32 

22.34 
23.67 

23.77 
24.95 

26.46 

28.24 
JO. 29 
33.20 
35.31 
37.84 
40.19 

42.37 
43.52 
46.29 

49.48 
33.05 
37.03 

61.38 

32.26 

68.66 

76.41 

85.48 
90.45 

107.29 

130.67 

173.34 

198.18 

217.38 

229.24 

236.96 

244.79 
244.23 
243.02 

244.45 
292.60 
239.15 
237.28 
233.99 

229.46 

227.31 

223.64 

220.40 

217.39 

214.78 

211.02 

211.78 

209.97 

226.31 
253-43 
273.55 

286.74 
231.20 
288.06 
293.05  * 
293.83 

294.93  . 

294.43 

293.91 

283.44 
230.14 

203.39 


13*.  3  GHZ  SEA 


CORRECTION 
TEHP.  (DEC  K> 

-3.3628 
-3.3391 
-3.610* 
-3.6053 
-4.2812 
-3.6743 
-4.2123 
-4.6624 
-3.2800 
-3.9893 
-7.6933 
-8.3748 
-9.4161 
-10.1429 
-10.7716 
-10.7013 
•11.2449 
-11.7766 
-12.2372 
-12.3470 
-14.2133 
-14.3876 
-14.5972 
-14.7218 
-14.6236 
-14.1042 
-17.4244 
-16.5466 
-13.7209 
-14.3338 
-18.3081 
-14.5999 
-9.1294 
12.4372 
18.4911 
2.'. 2034  , 

24.1420 
23.6321 
25.6180 
21.9384 
20.7573 
19.1525 
17.1253 
14.1214 
12.9777 
10.7491 
7.3013 
6.5564 
4.0373 
1.9333 
-0.1734 
-2.1653 
-3.9839 
-6.3368 
-12.6670 
-6.0640 
6.4758 
13.1323 
17.6730 
8.1834 
11.3196 
•  12.5336 
11.2112** 
11.U63. 
10.1139 
10.9684 
9.3764. 
2.1426 
-38. 1964 


*63.  CORRECTION  • 


1.16E  01  OEC.  K 


HATER 


TABLE  Vl-29.  APCOR4  OUTPUT 


VI-37 


'  '' '  ?9  04/12/65  -4  PptAH, 

l TER AT  1  ON  NUMBER  o 


16.3  G>*2 


SEA  rf*HR 


IENITh  ANGLE 
(DEC) 

0.00 

13. 93 
19.73 
24.24 
28.07 
31.47 

34.36 

37.43 
AO. 12 
*2.67 
*5.10 

47.43 
49.6* 

91.86 

33.97 
36.03 
58.03 
60.00 

61.93 
63.8? 
63.6* 

67.32 

60.33 

71.12 
72.90 
74.6* 

76.39 

78.12 
79.8* 

81.34 
"3.24 

84.94 
"6.63 

68.31 
90.00 
91.69 

93.37 
93,06 
96.76 
98.46 

100.16 

101.88 

103.61 

103.35 

107.10 

108.86 

110.67 

112.4* 

114.32 

116.16 
118.07 
120.00 

121.97 

123.97 
126.0* 
128.14 

130.32 

132.37 
134.90 

137.33 
139.8* 
1*2.57 
1*3.4* 
1*8,33 

131.93 
153.73 

160,23 
166,07 
180.00 


•RIGHT  JESS 
TEMP.  <0£G  K) 


6.65 
1* .  2* 
13.95 
17.47 
10,67 
19.01 
20,18 
21.28 
22,38 
23.90 
24.63 
23.53 

27.32 

28. »o 

3**,  39 
39,69 
32.56 
34,62 
36.74 

39.33 
41.17 
44.45 
46.12 

32.22 
.*6.  n 
t  2 ,40 
39.42 
67.71 
7\31 
8*  .43 

104.71 
117., 21 
129.26 
136.44 
139. *2 
134.41 
116.0,1 
107,61 
102.49 
106.21 
107,86 

106.39 
1  ln.  23 
111.98 

114.40 

117.43 
121.47 
123,00 
123.76 
124.03 
123.9# 
134.23 
136.30 
140,03 

149.33 

196.44 
264.60 

313.71 
339.43 
280,22 
293,20 

298.72 

295.33 

295.33 
293,04 
300.38 
290.01 

230.34 
171.53 


APPARENT 
temp.  COEG  <1 

12.18 
16,76 
18.81 

20.43 
21. 89 
22.61 

23.93 
23.27 
26.63 
28.02 

29.39 
30,82 

32.29 
33.80 

33.33 

46.23 
33.07 

40.13 

42.42 
*4.92 
47,02 
50.08 

33.31 

57.29 
51.41 
63,87 
66.22 
72.84 
•0.92 

90.43 

132.93 

113.81 

124.30 
142.05 

143.42 

141.31 
119.72 
112.40 
138.77 

111. 81 

112.33  . 

113.39 

113.28 

117.29 
119,81 
123,03 

126.34 

128.43 
131.07 

131.32 

134.23 

140.64 

144.44 
.'50.07 
1 '1 .97 

194.38 
248,14 
242.36 

300.87 

270.18 

276.17 

280.32 

279.64 

240.23 
279.83 

283.38 

273.64 
232.67 

197.19 


CORRECTION 
temp,  (life  <> 

-3.3323 
“2.5232 
-2.6379 
“2.9747 
“3.0144 
“3.6060 
“3.7496 
-3.9907 
-4.2480 
-4.5174 
-4.7617 
-4.8906 
-4.9708 
-4.9997 
-4.9400 
-5.3622 
-3.5128 
-3.3070 
-3.4799 
-3.3700 
-5.6463 
•3.6314 
-3.3922 
•3.0642 
-4.4960 
-3.4624 
-6.8061 
-3.1296 
•3.6033 
-1.9B50 
I  1.7513 
3.39361 
4.7323 
14.3914 
14.3042 
12.9028 
-2.7403 
-4.7764 
-6.2841 
-3.3972 
-4.4464 
-4.9947 
-3.0424 
-3.3034 
-3.4139 
-3.1486 
-4.7693 
-3.4376 
-3.3138 
-7.4929 
-8.2737 
-6.3932 
-7.9411 
-10,0368 
•12.4421 
-0.8468 
20.4653 
30.8446 
38.6610 
10.0346 
17.0313 
18.4065 
13.7084 
13.0949 
13.2069 
16.7989 
16.3737 
-2.3380 
-23.6371 


6*3,  CORRECTION  •  7.90£  00  DEC.  K 


TABLE  VI-31.  APCOR4  OUTPUT 


VI-39 


RUN  ND.  30  08/12/67 


SE*  *ater 


V  POLAR,  16.3  GH2 
ITERATION  NUMBER  0  ’  ^ 


ZENITH  ANCLE 

BRIGHTNESS 

APPARENT 

C0RR  EC  T 1 0> 

I  DEC  5 

TEHP.  (dec  K ) 

TENP.  (0EC  <1 

TENP.  (0EG 

n 

0.00 

6.63 

10.9J 

-4.2*41 

13.93 

10.59 

.13.50 

-1-1129 

19.75 

11.60 

15. U 

-1.3178 

o 

24.25 

13.04 

16.53 

-3.5410 

26,07 

.  14.12 

17.97 

-3.8506 

31.47 

14.33 

19.03 

-4.4872 

o 

34.36 

15.36 

20.42 

-4.8612 

37.43 

16.36 

21.33 

-5.2724 

40.12 

17.48 

23.23 

-5.7943 

n 

42.6-7 

16.41 

24.73 

-6.4360 

43.10 

1  *  .  19 

23.90 

-7.5017 

47.43 

19.20 

27.30 

-8.2973 

■r' 

49.65 

22.20 

29.25 

-9.0605 

31.36 

21.43 

31.17 

-9.7461 

33.97 

22.91 

33.2  3 

-10.3154 

r3 

56.03 

24.72 

33.48 

-10.7318 

36.03 

26.63 

17.75 

-11.2311 

60.00 

21.42 

40.14 

-11.7203 

/■s 

61.93 

30.46 

42.61 

-12.1319 

63.8? 

37.77 

43. IB 

-12.4077 

65.6* 

32.66 

46.63 

-13.7841 

67.52 

35.76 

49.67 

-13.9112 

69.33 

39.16 

33.11 

-14.0423 

71.12 

42.66 

36.9J 

414.0664 

72.90 

47.22 

'61.14 

-11.9168 

74.6? 

52.21 

53.72 

-13.5073 

76.39 

53.71 

58.74 

;  -15.0297 

78.12 

60.20 

74.71  • 

- ■ -14.5103 

79.84 

67.64 

81.53 

-13.98VB 

61.54 

76.18 

. 39.21 

!  -13.0129 

83,24 

73.53 

.  91.84 

-18.3083 

' 

64.94. 

91.58 

135.73 

-15.0479 

86.63 

116.10 

128.32 

-10.1590 

68.31 

176.07 

157.10- 

8.9676 

90.00 

206.37 

191.57 

13.0051 

91.69 

232.20 

212.07 

20.1252 

93.37 

234.57 

229.54 

23.0283 

v_- 

95.06 

268.24 

241.15 

27.0880 

96.76 

273.42 

247.82 

27.6010 

98.46 

269.*3 

246.47 

22.9817 

1 0  0  i  1 6 

263.26 

246.63 

21.6110 

101.  M 

264.48 

245.11 

19.5691 

/N 

103.61 

254.18 

240,80 

13.3793 

105.35 

251. 5C> 

240.41 

13.1945 

107 .10 

232.42 

238.55 

13.861? 

108.65 

246.49 

234.97 

11.5162 

V 

110.67 

238.71 

230.15 

8.5492 

112;48 

231.20 

225.45 

5.7431 

C" 

114.3? 

224.33 

221.35 

3.1666 

116.13 

221.70 

219.1t5 

2.3449 

118.07 

214.74 

215.38 

-0.6360 

/  "\ 

120.00 

210.43 

212.95  ’ 

-2.5033 

l 

121.97 

206.26 

211.02 

-4.7670 

123.97 

206.03 

211.53 

.  -5.4983 

(T^ 

126.03 

193.91 

209.55 

-10.6553 

128.14 

209.83 

219. ;o 

-9.2743 

130.32 

231.28 

246.53 

4.7451 

132.57 

279.74 

256.9? 

11.7519 

134.90 

297.U 

230.59 

16.5199 

137.33 

283.19 

•275.83 

7.5557 

r> 

139.88 

291.78 

233.00 

10.7803 

i  1 

142.57 

100.11 

238.19 

12.1244 

143.44. 

299.43 

288.73 

10.6464 

148.33 

300.30 

289.87 

10.6265 

131.93 

299.09 

239.33 

9.7766 

133.73 

296.36 

238.25 

10.1165 

160.23 

289.14 

280.41 

8.7266 

166.07 

260.98 

259,23 

2.7516 

180.00 

172.12 

207.23 

-35. 1141 

*8$.  CORRECTION  •  1,13c  01  DEC,  K 

TABLE  VI -32.  APCOI14  OUTPUT  VI- 40 


16.9  CHI 


$M  BATER 


BUN  HQ.  J1  08/(3/69  H  10LU, 


q  ITERATION  NUMBER  o 


ZENITH  ANCLE 

BRIGHTNESS 

apparent 

C0R6f CTICn 

c 

(DEC) 

temp.  (0EG  K) 

T£0.  (pcG  <> 

Tfl*  <  -  ■ 

0.00 

10.40 

13.32 

•2.7)86 

c 

13.99 

9.67 

13.27 

-3.3977 

19.79 

10,69 

14.42 

-3.7296 

24.29 

11.6) 

19.77 

-3.9*16 

c 

26.07 

13,04 

17.29 

•4.2103 

31.47 

13.02 

19.18 

-4.1637 

f 

34.96 

16,22 

20.73 

-4.9140 

r 

37.43 

17.44 

22.28 

-4.844) 

*0.12 

1«.47 

23.83 

-9.1616 

42.67 

19,98 

29.38 

-9.3989 

r 

49.10  • 

20.24 

26.39 

-6.1126 

47.43 

21.67 

28.05 

•6.1870 

49.66 

23.82 

30.00 

-6.1767 

o 

91.66 

24.09 

*2.17 

-6.119J 

93.97 

28,90 

34.94 

-6.0*12 

96.03 

32.02 

37.99 

-9.3303 

o 

98.03 

34.68 

40.19 

-5.4762 

60.00 

37.39 

42.79 

-3.3994 

61.93 

40.20 

■  49.46 

-3.2589 

63.82 

43.29 

48.17 

-4.9191 

c 

69.66 

42.16 

48.62 

-6.6331 

67.92 

49,38 

92.11 

•6.2244 

c 

69.33 

90.14 

56.00 

-9.8571 

71.1? 

99.07 

60, *7 

•9.4000 

72.90 

60,90 

69.91 

•4.6060 

O 

74,69 

67.9J 

71.10 

•3.1684 

76.39 

64.90 

71.66 

-7.1614 

78.12 

79.42 

40.22 

-4.8053 

o 

79.64 

88.07 

90.73 

-2.6591 

"1.9* 

102.73 

133.16 

-0.4339 

•* 

"3.24 

127,72 

121.21 

6.3065 

/-v 

64.9* 

142.97 

133.99 

8.6204 

c 

66.63 

193.03 

1*4.87 

10.1343 

68.31 

177.29 

199.44 

17.7749 

/-X 

90.00 

176.79 

161.36 

17.4284 

o 

91.69 

171.99 

195.91 

15.6829 

93.37 

132.44 

132.69 

-0.208) 

c 

99.06 

120,77 

123.32 

-2.7469 

96.76 

113.03 

117.89 

-4.8624 

96.46 

116,90 

119.07 

-2.3709 

100.16 

112.28 

.116.96 

—4 • 6770 

101.88 

111.67 

117.00  • 

-3.3236  • 

103.61 

113,39 

118.59 

-9.1942 

103.33 

116,34 

121.04 

-4.3023 

.07 . » 

117.40 

122.41 

-4.9147 

108.88 

117.31 

123.20 

-5.8889 

o 

110.67 

117,98 

124.40 

-6.8197 

112.48 

121.94 

127.93 

-5.9871 

114.32 

129,20 

131.08 

-4.8796 

/N 

116,16 

126,67 

1 33.46 

-6.7936 

o 

118.07 

132.39 

138,03 

-3.679) 

120.00 

133,14 

1*0.19 

-7.0143 

121.97 

132.62 

142.22 

-9.3992 

o 

123.97 

139.U 

149.34 

•10.2248 

126.03 

190,99 

162.83 

-11.8373 

178.1* 

209.11 

203.00 

6.1109 

o 

130.32 

264,27 

243.53 

23.7449 

.  132.97 

...297,94 

2*3.93  .. 

14.4086  .. 

134.90 

249,64 

243.93 

6.3121 

o 

137.33 

294.76 

271.41 

23.3431 

. 

139.88 

296.29 

276.36 

19.9317 

o 

1*2.97 

296.47 

279.40 

19.4660 

1*3.44 

293.26 

277.19 

16.1133 

1*8.33 

291,67 

276.69 

13.2249 

c 

131.93 

288.43 

275.38 

13.0498 

193.78 

299,49 

298.79 

16.7087 

160.21 

284,82 

268.3) 

16.2983 

o 

166. or 

222.22 

226,71 

-4.3090 

180.03 

192,42 

200.94 

•18.3153 

O  A|$,  CORRECTION  ■  7.96E  06  0E6.  K 


C 


TABLE  VI -33.  APCOII4  OUTPUT 


1/1-41 


o 


o 

c 

r' 


C 

r* 

V  - 

A 

v.- 


r- 


r 


*UH  MU.  u  08/11/69  v  PuLt'.  16.9  G-U 
ITERATION  NUMBER  o 


SEA 


IENITh  ANGIE 
I  OEG ) 


0.03 

13.93 
19.73 
?*.23 
28.07 
»i.*7 
73.33 
37,47 
*0.1? 
*2.67 
*3.10 
*7,43 
*9.6(7 
*1.86 
33.97 
36.03 
38.03 
*0.00 

61.93 
63.82 

63.68 
67.32 

69.37 

71.12 
72.90 
74.65 
76.39 

78.12 
79.84 
*1.3* 
"3.2* 
*4.94 

‘  *6.63 
*8.31 
90.00 

91.69 

93.37  . 
95.03 
96.76 

96. *6 
100.16 
101.68 
103,61 
103.39  ‘ 
177.10 
108.88 
110,67  ‘ 
112.49  * 

114.32 
116.18 
118.07 
120.00 

121.97 

123.97 
126.0? 
128.14 

130.32 
112.37 
134.90 

137.33 
139.88 
1*2.37 
1*3.** 
1*8.33 
131.93 
135.73 
160.23 
166.07 
180.00 


BRIGHTNESS 
TEHP,  t  oe  G  K> 

10,68 

13.66 
1  *  .  73 

15.67 
16.66 
14.38 
13.8J 
17.09 
1*  .48 
19.88 
22.11 
27.70 
23.74 

26.97 
2*. 70 
29.49 
31.99 

33.36 
33.72 
3*. 21 

37.98 
*1.72 
4*.  94 
49.23 
34.28 
60,26 

57.37 

66.43 

77.10 

#9.98 

96.96 

119.03 

147.78 
208.48 

236.42 
256,36 
261.22 

269.72 
273.62 
26*. 38 
269.9ft 

.267,90 

264.42 
256.89 

250.23 

246.42 
243.09 

233.23 

233.66 

223.23 
21*. *1 
214.69 

211.67 
201,60 

200.78 

229.98 
257,16 
2*7,79 
240.39 
292,3* 
297.61 
303.03 
300.93 
300.19 

296.79 

288.73 
276.97 

233.80 
189,08 


APPARENT 
temp,  (OEG  <) 

14.70 
16.84 
18.22 
19.49 

20.70  . 

20.33 
21.73 

23.43 

23.33 
27.42 
30.00 
72.28 
74.32 
76.76 
78.98 
40.81 

43.13 
*3.61 
48.19 
50.87 

52.21 
35.46 

39.21 
$3.43 

68.13 
73.31 

74.21 
81.86 

31.13 
132.07 

110.73 
128. SO 

131.73 
1*1.93 
214.31 
230.78 

237.43 
2*4.64 
249.03 
247.89 

249.43 
248.62 
2*6.98 
2*2.70 

278.73  . 
236.31' 
2?*,0* 
228.4*  • 


228. 

01 

223. 

.12 

219. 

.28 

216, 

8* 

215. 

12 

210. 

48 

216. 

23 

2?J. 

89 

245. 

95 

243. 

93 

245. 

93 

277. 

76 

23*. 

65 

289. 

31 

289. 

26 

289. 

09 

286. 

70 

290. 

83 

271. 

19 

231. 

81 

292. 

83 

CORRECTION 
7E “P .  ( JE G  X) 

“4.0192 
“1.1*46 
“7.491? 
-7.8146 
“4.0320 
-3.7197 
-3.9468 
-6.3599 
-6.8633 
-7.5333 
-7.8964 
-8.3737 
-9.1890 
-9.7635 
-10.2764 
-11.1197 
-11.5508 
-12.0467 
-12.4680 
-12.6640 
-14.2264 
-14.2416 
-14.2703 
-14.1992 
-13.8714 
-13.02*1 
•16.8403 
-13.4239 
-14.0493 
•12.0863 
-11.7699 
-9.4693 
-1.9523 
16.5279 
21.9109 
23.7793 
23.7906 
24.6735 
24.5955 
20.6926 
20.5234 
18.0736 
17.4351 
14.1971 
11.4760 
10.1019 
9.0*74 
*.8143 
3.6444 
2.1130 
-0.4630 
-2.1477 
-3.4494 
-8.B861  ’ 
-7.4738 
-0.9083 
6.2103 
1.3*19 
-3.5579 
14.7768 
12.9599 
13.7133 
11.6922 
11.0960 
10.0921 
7.9230 
3.8697 
1.9921 
-33.75*2 


*85,  CORRECTION  •  1.10E  01  OEO.  K 


dtir  a 


TABLE  VI-?4.  APCOH4  OUTPUT 


VI-  42 


* 


Z-' 


0 

■  ■•  v»  0  •  /  1  4  /  *  0 

ITERATION  Nw"3£*  D 

V  PQIA*. 

9.5  Gw 2 

a 

IENJTh  A'.CtE 

SRI5wTneS5 

4P94RENT 

00RRECTI 

o 

(DEG) 

T£mp.  ocg  K)  »t  ^P,  (CEO  <) 

TE-P.  <0E 

A 

0.09 

4,44 

20.94 

•16.4982 

o 

15.9) 

33.97 

38.51 

-4.5358 

19.79 

39.65 

44.98 

-5.3355 

o 

24.25 

44.37 

49,64 

-5.265? 

28.07 

48.53 

53. ?6 

-4.8237 

31. *7 

45.71 

53.P 

-7.4804 

34.56 

49.30 

56.50 

-7.1982 

u 

37.43 

52.71 

40.02 

-7.3117 

40.12 

36.35 

63.71 

-7  •  3S4i 

o 

42,67 

60.10 

67.56 

-7.4533 

45.10 

64.16 

72.61 

-6.4457 

47.43 

70.07 

''6.47 

-6.3959 

/■N 

49.68 

73.92 

50. Cl 

-6.1892 

u 

51.64 

77.22 

83.28 

-6.0515 

53.97 

80.28 

86.33 

-6.0165 

56.03 

83.66 

89.41 

-5.7556 

o 

58.03 

85.98 

91.90 

-5.9155 

60.00 

87.94 

94.09 

-6.1493 

O 

61.93 

89.42 

96.01 

-6.3931 

63.82 

91.15 

97.69 

-6.5336 

65.69 

89.21 

97.52 

-8.3127 

O 

67.52 

90,59 

99.11 

-8.5216 

69.3? 

92.01 

130.90 

-8.8880 

71.12 

93.68 

102. 90 

-9.2194 

O 

72.90 

9: , .?<• 

135.03 

-9.8506 

74.65 

107.14 

137.48 

-7.343B 

76.39 

74.37 

36.27 

-19.9026 

78.12 

E6.80 

133.69 

-16.8957 

79.34 

103.42 

114.81 

-14.3937 

81.54 

117.76 

129.57 

-11.8037 

/— \ 

83.24 

140.14 

148.2! 

-8.1445 

54.94 

165.31 

169.87 

•  4 . 5  T  7  6 

86.63 

194.26 

134.65 

-0.3861 

l'"? 

88,31 

249.56 

232.74 

16.8135 

w 

90.00 

274.34 

253.82 

20.5165 

91.69 

293.68 

267,95 

22.8304 

c 

9?. 37 

284.96 

269.51 

17.4507 

95.05 

293.30 

275.04 

18.2615 

96.73 

297.57 

279.00 

15.5686 

"'v 

98.46 

303.54 

253,14 

20.4010 

100.16 

301.09 

291.95 

19,1230 

101. H« 

294.22 

277.17 

17.0499 

< — V 

103.61 

287.91 

271.35 

16.4325 

105.35 

254,32 

252.73 

3. 5«57 

107.10 

257,30 

250.97 

6.0307 

108.39 

253.45 

250.46 

7.9911 

- 

110.67 

257.73 

246.37 

6.3671 

112.49 

249.46 

242.77 

6.6925 

114.32 

235,18 

232.*3 

2.3484 

116.19 

217.41 

220.93 

-3.5172. 

118.C7 

207.69 

213.87 

-(..176  5 

120.00 

210.44 

214,23 

-3.6406 

121.97 

20". 33 

239.41 

-9.0874 

- 

123.97 

I e  8 . 9 1 

211.53 

-12.6739 

126.03 

233.24 

235.2  3 

-2. 0484 

- 

128.  ii 

265,92 

280.68 

5.2428 

130.32 

305.46 

239.67 

15.7953 

132.57 

329,09 

308.06 

21.0297 

134.90 

340.13 

315.17 

24.9595 

137.33 

295.12 

230.04 

5.0820 

0 

139.89 

297,01 

248.39 

8.6241 

142.57 

293.54 

284.95 

8.5927 

145.44 

280,89 

276.32 

4.5606 

c 

148.53 

272.51 

269.61 

3.1930 

151.93 

262,26 

262.31 

-0.0529 

155.75 

271.95 

264.58 

7.2661 

c 

160.25 

252.25 

243.63 

8.6206 

166.07 

135,17 

166.71 

-31.5391 

f' 

180.00 

131.34 

154.21 

-22.8746 

*BS,  CORRECTION 

»  9.96E  00  CEO. 

K 

rftTER 


TABLE  VI-35.  ATCOIM  OUTPUT 


VI-  13 


RUN  VO.  3*  08/14/63  ■-<  POL*? 


9.5  GHZ 


St  A  ^ A  T  fc  A 


ITERATION  NUHBEh  0 


ZENITH  ancle 

RRIOHTijesS 

tPP AREN" 

C0?4L'CTIE 

!DEC> 

TEMP.  (OfC  .<) 

TE“9.  il>rG 

TEVl>.  <  D  E  C- 

0.00 

4.36 

S3. 46 

-9. 1046 

13.93  • 

14.*6 

20.33 

-5.3690 

19.75 

17.13 

24.63 

-5.4974 

24.25 

23.12 

28.53 

. -5.4336 

o 

28.07 

26.46 

32.24 

-5.7836 

31.47 

34.92  • 

3  B  .  5  1 

-3.6648 

o 

34.56 

37,69 

41.65 

-3.9200 

37. *3 

40.00 

*4.1? 

-3. 3189 

40.12 

42.58 

*6.26 

’3-6536 

o 

42.67 

44.60 

48.05 

-3.4757 

45.10 

44.48 

48.69 

-4.2150 

47.43 

46.96 

50.22 

-4.1619 

r  . 

49.68 

47.78 

51.92 

-4.1380 

51.85 

49.64 

53.77 

-4.1303 

53.97 

51.68 

55.77 

-4.0914 

56.03 

53.54 

57.75 

-4.2134 

' 

58.03 

55.88 

'  50.06 

-4.1707 

60.00 

55.42 

62.53 

-4.1086 

c 

61.93 

61. 24 

65.17 

-3.9245 

63.8? 

64,45 

57.96 

-3.5041 

65.68 

63.75 

68.86 

-5.1097 

67.5? 

6  7.94 

72.43 

J.  -4.5990 
’  -4.1664 

69.33 

7?. 53 

76.70 

71.1? 

77.92 

91.62 

-3.7027 

72.90 

8  4.75 

97.20 

;  -2.9495 

74,6? 

91.67 

93.41 

l  -1.7395 

76.39 

92.55 

96.73  , 

?  -3.8901 

’M2 

103,38 

135.40 

i  -2.0146 

79.84 

•15,13 

115.50 

■  •,0.3745 

81.54 

128.39 

127.09 

1.3121 

83.24 

157,32 

146.41 

10.9082 

84.94 

167,17 

154.96 

12.2122 

86.63 

171.16 

158.66 

12.5008 

85.31 

163.29 

154.74 

8-5496 

90.00 

155.30 

151.64 

7.6566 

91.69 

252.89 

146.60 

6.2375 

9?. 37 

137.46 

136.73 

0.8839 

- 

95,06 

130.02 

130,32 

-0-7995 

96.76 

123.59 

125,85 

-2.2591 

98.46 

119.42 

172.15 

-3.3307 

100.16 

i  13  .*6 

113.83 

-5,3924 

101.85 

106.61 

115.82 

-9.2100 

^  s 

103.51 

12*.  04 

126.03 

-1.2470 

105.35 

130.57 

129.60 

0.9785 

107.10 

122,  =  7 

124.86 

-1.9859 

108.88 

107.23 

114.99 

-7.7625 

110.67 

90,56 

104.03 

-’.4,3158 

112.48 

9*  .  2  B 

136.20 

-11 .9225 

114.32 

101.44 

110.39 

-8.5467 

116.19 

93.43 

136.93 

-13.49B0 

118.07 

92.91 

138.01 

-15.1003 

/—\ 

120.00 

105.83 

116.89 

-11.0637 

121.97 

101.00 

118.95 

-17.9532 

123.97 

11*.05 

134.26 

-20.2125 

r*s 

126.0? 

165,63 

133.97 

1.6579 

12  8.L' 

246,08 

230.74 

17.3386 

130.32 

284.69 

262.17 

22.5270 

132.57 

310.42 

233.85 

26.9697 

134.90 

325, ;5 

254.54 

31.0113 

137.33 

285.16 

273. 53 

11.6289 

0 

139.69 

291.46 

275.93 

15.5577 

142.57 

293.17 

276.83 

16.3718 

145.4* 

282.74 

271.13 

11.6312 

148,53 

281.61 

270.33 

11.3100 

151.93 

279.11 

271.07 

8.0458 

155.75 

315.03 

291.73 

23.3060 

C' 

160.25 

305.76 

278.41 

27.3679 

166.0?  ' 

160.32 

1B7.R5 

-27.5314 

C' 

180.00 

*8$.  CORRECTION 

195.57 

•  8.37E  00 

196.07 

DEG.  K 

-0.4956 

/— 


TABLE  VI -30.  APCOR-1  OUTPUT 


VI- 


H  POUR,  1 6’.  3  GHZ 


SE*  rfATER 


* 


»U*J  S>),  33  08714/69 


ITERATION  NUMBCR  0 


1  V  7 

IENJTh  A'lGI.E 

BRIGHT-IFS 

i 

(DEG  1 

TEKP,  (OEG 

!  o 

0.00 

12.71 

1 

13,93 

21,37 

0 

19.75 

22,97 

1 

24,23 

24,39 

i 

28,07 

27.08 

0 

31.47 

19.11 

34.56 

22,79 

17,4’ 

24,46 

0 

40,1.7 

3!  ,38 

42,67 

37,36 

45,10 

36,19 

r\ 

47.43 

44,20 

49.69 

54,49 

51.86 

44,83 

0 

53,97 

t!  1 ,05 

56.03 

107,03 

58,03 

119,07 

0 

60.00 

137,11 

61.93 

155,32 

63,82 

173,37 

c 

65.65 

214.12 

67.37 

237.14 

89.33 

245,90 

c 

71,12 

256,93 

72.90 

265,32 

74,65 

271,41 

0 

76.39 

255,31 

78,1? 

260,76 

79.64 

264,42 

0 

91.54 

269,34 

"3.24 

278,74 

94.94 

279,79 

0 

«6.63 

278,55 

«8.3t 

268,09 

90.00 

264 f 46 

o 

91,69 

261,02 

93,37 

261,33 

93.08 

259,17 

o 

96,76 

254,91 

98.48 

254.17 

180.14 

251,27 

o 

101,88 

254,?8 

103,61 

259,78 

305.35 

56?, ’9 

o 

107,10 

253,90 

108,88 

247.04 

110.17 

242,3/ 

o 

112.48 

227,74 

S14.32 

207,67 

l 1 6. 1 8 

217,28 

o 

118,07 

212.76 

120.00 

204,-37 

121.97 

196,32 

o 

123.97 

214,74 

126.03 

212,91 

128,14 

274,98 

o 

130.3? 

30’,47 

132.57 

297,05 

134,90 

293,45 

Q 

137,33 

311,96 

139,88 

312,40 

142.57 

313,03 

0 

145.4& 

316,90 

143,33 

314,42 

151.9? 

300,67 

c 

153,73 

293,-9 

160,25 

277,32 

166,07 

244,4! 

c 

160,00 

193.88 

APPA4F  NT 
TEMP,  iOEG  K,J 

24,20  ' 

30.74 
34,00 

36.74 
39,22 
36.00 
39.26 

43.32 
43,05 
53,34 
55.14 

62 .32 

71.51 

82.53 

95.24 

111.94 

126,85 

142.37 

158.49 

175.13 
204,63 
213.57 
231,76 
241.35 
248,45 

263.14 


245,64 


249 

,01 

252 

,63 

246 

.50 

243 

.27 

265 

.16 

284 

.66 

2  58 

.89 

256 

.59 

254 

.87 

254 

.42 

243 

,20 

251 

,89 

250 

.39 

249 

.11 

251 

.22 

254 

,44 

256. 

,15 

251 

,14 

2t6 

,22 

241, 

,31 

231, 

,66 

219, 

,72 

223, 

,48 

220, 

,57 

216, 

05 

212, 

,09 

273, 

,66 

2  7  8. 

67 

267, 

88 

289, 

10 

289. 

10 

289. 

15 

300, 

63 

302, 

62 

303, 

91 

306, 

40 

3  04, 

80 

299, 

95 

288, 

35 

274, 

58 

240, 

57 

219, 

03 

tC9»£CTlOS 
TE'IP.  (  OF  G  K> 

»lt .888,0 

-9.363'’ 

-1 5 .O’-O 
-12  - i 542 
-12.1362 
•16.8098 
-18,467? 
•16.6561 
•16. £708 
•15.97R0 
-18.5451 
•18.1106 
*•17.0189 
-15,7016 
•14.1658 
-9.9113 
-7.7795 
-5,2593 
-2.9672 
-1.81.52 
11.4349 
12.5647 
14.1426 
15,5737 
16.0893 
1C. 4745 
9,6708 
11,2556 
11.7694 
11.8336 
14,9720 
14.6357 
13.8910 

9.1982 
8,0790 
7.0466 
6.9108 
5.9638 
5. 0179 
3,7850 
7.1625 
3,0590 
4.8356 
6.2370 
?. 7524 
0,8145 
0.5666 
-4,4167 
•12.0490 
-8.2021 
-7.8115 
•10,9820 
•15.7685 
*9,4124 
•15.7576 
7,1068 
14.3695 
7.9519 
4.3513 
11,3304 
9.7772 
9.1144 
10.4962 
9,6222 
5.7186 
4.7436 
2.7345 
-4, 1606 
•23.2022 


4BS,  CORRECTION  ■  1.02E  d  DEG,  K 


TABLE  VI-37.  APC0R4  OUTPUT 


VI-45 


C 


S!A  rfATEH 


o 


k  » 

o 

o 

o 

o 

o 

0 

o 

o 


o 


c 

o 


r 

o 


o 


© 


o 


r' 


*UN  NO.  35  98/ 

14/69  9  POUR, 

16'.  3  GHZ 

emtson 

NU-tSER  0 

■  - 

f  8S!GHTm£SS 

APPARENT 

CORRECTION 

<  DEC ) 

TEMP.  (DEG 

K>  TEMP,  (DEC  Kl 

temp.  (DEG 

0.00 

12.57 

.15 

-4.5757 

n.?? 

11.42 

'.7,44 

-5.8220 

19.73 

12.43 

19.04 

-6.3945 

24.20 

13.78 

20.87 

-7.0966 

26,07 

13.15 

22.84 

-7.6956 

71,47 

14,48 

23,80 

-9.3148 

74,54 

16.26 

26.14 

-9.BP02 

37.43 

i  8 . 1 8 

28,73 

,10.3467 

40,12 

20.32 

31.52 

»  l!  .1980 

42,67 

22,70 

34.48  • 

-ll .7886  . 

45.10 

24,43 

3V.17 

-12.7410 

*7.43 

27,30 

40.53 

-13.2345 

49.68 

30,60 

44.20 

-11.5997 

51,86 

34.28 

48.13 

-13.8730 

53.97 

J8.49 

52.37 

-13.8771 

56,03 

40,18 

55.41 

•13.2220 

58,03 

45,63 

60.59 

-14.9503 

60.00 

31.82 

66,43 

-14.6066 

61,93 

58,8* 

72.92 

-14.0761 

63,82 

66,73 

90.03 

-11.2906 

63,68 

74.79 

87.43 

-12.6383 

67.32 

84.29 

93.77 

•11.4816 

69.3? 

94,53 

104.74 

-10.1920 

71.12 

105.63 

114,33 

-8.7031 

72.90 

117,49 

124.33 

-7.0411 

’4,65 

130,03 

135.34 

-3.3054 

76.39 

145.96 

148.05 

-2.091? 

78.12 

139,40 

159.60 

-0.1975 

’9.84 

173.30 

171,39 

1.9107 

*1.34 

187,64 

183.45 

4, 1944 

83.24 

201.89 

195.32 

6.3703 

*4,94 

217.37 

208,36 

9.0110 

86,63 

233.43 

221.74 

11.6839 

86.31 

259,00 

239.77 

19.2270 

90,00 

271.13 

250.16 

20.9948 

91.69 

278,33 

256.95 

21.9053 

93.37 

274,60 

256.75 

17.8445 

93.06 

i  77.66 

259,90 

17.7571 

96,74 

280,57 

262.96 

17,6150 

98,46 

233,43 

263,82 

17.6211 

100.14 

285,83 

268,52 

18.3327 

101.88 

284,30 

267.60 

16.7001 

103,61 

278,33 

264.49 

13.0662 

103.35 

276,73 

263.22 

13.5181 

107.10 

*  270,09 

259.02 

11.0745 

108.88 

260,42 

252.90 

7.5210 

110.67 

250,46 

246,37 

3.8385 

112.48 

246,24 

243.30 

2.9433 

114,3? 

240,10 

239,13 

0.9682 

116.18 

232,44 

234,22 

-1.7816 

118,07 

227,44 

230,92 

-3.2787 

i20,00 

220,75 

226,84 

-6.084R 

121.97 

2i7, 5i 

224,94 

-7.4244 

123.97 

211,77 

222.43 

*10.6563 

126,03 

214.18 

223.37 

-11.3922 

128.14 

229,98 

238,02 

-0.0479 

130.32 

280,06 

268.64 

11.4220 

132.37 

■  273.40 

268.64 

4.7646 

134.90 

267,91 

268.64 

-0.7293 

137.33 

304,90 

291.31 

13.3951 

139.88 

306,93 

295,38 

11.6036 

142.37 

309.61 

298,02 

11.5841 

143.44 

311,36 

299.67 

11.8918 

1*8.53 

309,24 

298.19 

11,0454 

151,93 

303,42 

293,37 

10.0489 

153,73 

283,42 

279,83 

3.5726 

160.23 

268,04 

267.81 

0.2235 

166,07 

239.60 

236.33 

3.2438 

180.00 

163,34 

202.07 

-38,7272 

*#$,  CORRECTION  «  1.04E  01  DEC,  K 


TABU::  VI-;?o.  APCOJU  OUT  PUT 


VI-  '!( 


O 


*Ui  -<3.  !31  07/11/69  V  P0U».  9‘. !  W 

tTERATI NUuS£R  5 


?£NI TH  ANGIE 

brightness 

APPARENT 

c:*.a£CT: 

(DEC) 

TENP  (DEG  K) 

TMP,  (DEC  <) 

Tf“S  (Oc 

0.00 

3.86 

28,  ?0 

♦24.8396 

13.93 

66,64 

5 1 1  38 

-1  .-.332 

19.7! 

68.87 

72.02 

-3.1578 

26  25 

75.61 

78.3? 

♦2.9550 

28.0? 

80.09 

82.73 

-2. 4430 

3'  .67 

79,09 

83.59 

-4.3032 

36,5ft 

81.75 

86.17 

-4.419? 

37.63 

83.73 

68,40 

60.12 

85.63 

90.35 

-4.9198 

62.67 

86,98 

92.0? 

-? , 0873 

65.10 

88.62 

93.55 

-5.1705 

47  c  63 

89.96 

*4.94 

-3.106? 

69.68 

51.67 

76.15 

-4.47*4 

51.86 

86.61 

92.75 

'8.142? 

•3.97 

86.76 

94.27 

-7.5289 

«6.03 

88,60 

96.0? 

-7 .471* 

38.03 

90,59 

98.13 

-7.5339 

60.00 

92.92 

100.43 

-7.5143 

61.93 

95.6? 

102.96 

-7.4904 

63,8? 

98,20 

105.71 

-7.5163 

65,68 

101.46 

108.68 

-7.2190 

67.32 

107.30 

111.85 

-4.3513 

69.33 

117.96 

115.22 

2,7386 

71,12 

45.92 

76.35 

-30.4267 

7Z.90 

60.75 

*3.17 

-22.4242 

7-1,65 

74.66 

92.82 

-18.3598 

76,39 

89.24 

105.23 

•15,9076 

78.12 

106.91 

120.34 

-14.4310 

79.86 

127.63 

138.12 

-10.430? 

81.56 

151.63 

158.52 

-6.8926 

83,26 

189.25 

1*6.31 

2.9359 

86,96 

214.07 

207.43 

6,642? 

16.63 

236,24 

226.37 

9.9689 

88.31 

258,40 

244.28 

14.1222 

90 , 00 

274.24 

257.87 

16.3671 

91.69 

286.15 

268,25 

17.099? 

93.37 

294.90 

275.73 

19.166/ 

95.06 

298,75 

279.34 

19.4070 

96.78 

299.28 

279.38 

18.6967 

98.66 

286.76 

273.86 

13.6900 

'  100.16 

231.71 

259,09 

12.6251 

101.88 

276.27 

264,90 

1  i  .3723 

103,61 

270.46 

250,28 

10.1073 

105.35 

259.09 

252.66 

6.4364 

107,10 

252,76 

2*7.57 

5.1742 

108.89 

246.62 

?»2 , 64 

3.7735 

110.67 

240,26 

237,88 

2.3755 

112,68 

234,77 

233.2» 

1.4701 

114,32 

230.39 

228.86 

1.5326 

116.18 

203.49 

214.24 

-8.7506 

118.07 

206,10 

213,69 

-7.5940 

120,00 

209,77 

216.6/ 

-6.6475 

121.97 

216.59 

223,23 

-6.6432 

123.97 

226,19 

233.75 

-7.5704 

126.03 

279,20 

257. be 

11.5246 

128.16 

290,63 

279.92 

10.7003 

130,32 

300,78 

2*9.48 

11.2972 

132.57 

308,33 

296.10 

12.2527 

136.90 

312,46 

299,46 

12,9973 

137.33 

300,61 

293.62 

4.9897 

139.89 

302. U 

294.39 

7.7217 

162.57 

301,95 

294.59 

7.360* 

165.46 

301.91 

294,67 

7.2425 

1*8.53 

299.51 

293.08 

6.4233 

151.93 

294,08 

289.89 

4.1912 

155,75 

304.33 

293.35 

10.9804 

160.25 

286,79 

274,72 

12.0672 

166.07 

189.25 

205.53 

•16.2461 

160,00 

105.23 

149.63 

•44. J806 

*85.  CORRECTION 

•  9.75E  00 

DEO,  K 

TABLU  VI-311.  APCOIM  OUTPUT 


O 


RUM  NO.  102  07/21/69  H  POLAR 


9.3  CM2 


SC*  rfATER 


o 

iteration  NUNee*  o 

/ 

ZENITH  ANGLE 

BRIGHTNESS 

APPARENT 

correction 

(DEC) 

TEMP,  (OEG  K ) 

TEHP.  (DEG  K > 

TEMP.  (DEG  1 

0.00 

3.56 

12.30 

-8.9*46 

r~ 

13.93 

-1.83 

11.81 

-13.6603 

19.75 

9.11 

20.87 

-11.7359 

2*. 25 

21.03 

31.6! 

-10.6110  1 

28,07 

30.62 

AS.  39 

-12.7723 

O 

31.97 

80,76 

76.5* 

3.7205 

39.38 

87,26 

85.39 

1.7198 

o 

37.93 

99.01 

91.63 

2.3569 

90.12 

98.93 

93.93 

I.G20H 

'  *2.67 

100,39 

97.26 

3.2603 

o 

93.10 

100,60 

97.93 

3.1712 

*7.93 

100,09 

96.19 

3.9922 

99.68 

101.73 

83,35 

8.1709 

31.86 

98.51 

62.28 

-13.7739 

o 

51,97 

51.56 

80.95 

-9.3908 

36.03 

52.56 

60.98 

-8.398* 

58.03 

33,81 

62.27 

•6.9533 

0 

60.00 

36.91 

69.73 

-8.3213 

61.93 

60,37 

68.30 

-7.9367 

63.82 

63.58 

72.91 

-7.3336 

o 

*  63.68 

71,95 

78,56 

-6.6162 

67.32 

79.38 

83.16 

-5.3816 

69.33 

88.63 

92.69 

-A. 296* 

71.12 

93.76 

99.82 

•9.0*22 

72.90 

106,83 

109.29 

-2.388* 

79.65 

118.99 

119.61 

-0.6159 

t  *s" 

76.39 

137.27 

130.90 

1.362* 

78.12 

166,68 

1*3.12 

3.3637 

79.8* 

162.01 

196.29 

5.753* 

1 

81.3* 

178,37 

170.29 

8.0780 

63.2* 

210.06 

191.69 

18.3683 

86.99 

221.27 

201.93 

19.8235 

o 

86.63 

223.67 

203.66 

20.0121 

68.31 

226,25 

203.53 

20.7012 

90.00 

216,36 

197.60 

18.9639 

o 

91.69 

198.86 

182.98 

19.86*9 

93.37 

198,63 

150.71 

-2.0879 

93.06 

128,37 

139.22 

-9.6*71 

c 

96.76 

119.00 

122.37 

-8.3623 

98.96 

113.03 

116.90 

-9.6*76 

(7) 

100.16 

109,18 

112.16 

-7.9838 

101.88 

96,63 

106.11 

-9.6822 

103,61 

89,96 

100.73 

-10.8123 

0 

105.35 

80,31 

99.06 

-13.7309 

107.10 

73,89 

90.97 

-1*. 5828 

108.88 

72.76 

88.13 

-13.3878 

110.67 

71,08 

87,07 

•19.9863 

o 

112.98 

71,69 

87.33 

•19.8393 

119.37 

76.32 

88.96 

•1*.**2* 

116.18 

37,02 

80.95 

-23.930* 

o 

118.07 

68.60 

89.31 

•20.9116 

170,00 

86.66 

102.78 

•18.1363 

o 

121.97 

103.52 

121.68 

•16.1962 

123,97 

130,19 

196.37  i 

-16.1761 

126.03 

223.92 

208.11 

15.80*0 

121.’.* 

250,12 

239.93 

15.6770 

130.3/ 

273,37 

253. 8* 

17.7296 

. 

132.37 

-  292,72 

271.83 

-  . 20.3721 

r 

139.90 

309.32 

281.90 

22.6186 

137.33 

288,16 

273.33 

12.8557 

139.88 

293.71 

280.92 

15.29*1 

O 

1*2.37 

301.09 

259.30 

16.7353 

193.9* 

291.18 

280.06 

11.1220 

198.33 

293,99 

289.09 

11.9033 

131.93 

300.68 

292,16 

8.5289 

o 

133.75 

368.99 

333.86 

35.13*3 

l 

160.23 

367,10 

325.08 

*2.0208 

166,0? 

190.93 

211.99 

•21.02*2 

o 

160,00 

199.61 

177.62 

-23.0060 

o 

AIS,  CORRECTION  •  1-21E  Ol 

OEG,  K 

TABLE  VI-40.  APCOR4  OUTPUT  VI-  48 


O 


RUM  NO.  1 01  07/lT/VJ  V  COIM 


9.5  0 m Z 


SE4  rftTER 


I T£R4T IQS  NUMBER  0 


o 

Zenith  angle 

BRIGHTNESS 

APPARENT 

CORRECTION 

(DEC)  TEMP.  ( 3£C  K) 

T£MP(  fDEG  <) 

TEMP.  (DEC  X) 

o 

0.00 

3.71 

23.12 

*19.4062 

13.95 

33.12 

41.17 

-8.0476 

19,75 

42.49 

30.68 

-7.9853 

Cl 

24,25 

31.42 

38.82 

-7.4063 

28.07 

53.49 

66.29 

-7.7977 

31.47 

73.33 

77.84 

-4.2936 

o 

34,55 

78.90 

83.73 

-4.6534 

37.43 

63.88 

88.74  . 

-4.8534 

40.12 

68.21 

92.98 

-4.7737 

f" 

42.67 

91.93 

96.61 

-4.6779 

43.10 

93.16 

99.73 

-4.5697 

47.43 

98.00 

102.39 

-4.3908 

r 

49.48 

109.90 

104.65 

-3.7628 

51.36 

96.16 

102.83 

-5.7379 

33.97 

98.76 

104.97 

-6.2107 

56.03 

100.90 

107.05 

-6.1667 

53.03 

102.92 

109.19 

-6.2647 

60.00 

104.93 

111.34 

-6.3912 

r\ 

61.93 

106.90 

113.52 

-6.6165 

*•  • 

63.82 

108.80 

115.73 

-6.9239 

65.6* 

111.00 

117.98 

-6.9625 

67.52 

113.09 

120.23 

-5 . 1422 

69.23 

122.77 

122.53 

0.2426 

71.12 

66.73 

92.24 

-25.4642 

72.90 

77.33 

96.95 

-19.6286 

74.65 

86.31 

103.73 

-16.9266 

76.39 

96.35 

112.52 

-15.6731 

73.12 

109.02 

123.28 

-14.2644 

79.84 

123- SI 

135.98 

•12.0665 

31.54 

141.63 

150.60 

-9.1473 

83.24 

148.35 

181.26 

-12.9113 

84.94 

176.29 

185.22 

-8.9352 

86.63 

213.36 

216.94 

-3.3762 

,-N 

88.31 

304.69 

276.75 

27.9863 

90.00 

336.16 

303.57 

32.3923 

, 

91.69 

332.18 

317.54 

34.6466 

93.37 

337.76 

309.53 

23.5296 

4 

93.06 

330.72 

307,23 

23.0925 

96.76 

323.03 

301.38 

21.6323 

r> 

93.46 

300.30 

287,30 

13.2056 

100.16 

290.47 

279.58 

10.8915 

101.83 

231.81 

273.29 

6.3181 

103.61 

274.13 

258.46 

5.6740 

105.33 

234.61 

273.27 

11.3399 

107,10 

279.20 

270.00 

9.1963 

108.88 

273.76 

256.21 

7.5529 

110.67 

268.11 

251.63 

6.2329 

112.48 

262.37 

256.98 

5.3879 

114.32 

257.00 

251.49 

5.5126 

116.18 

223.20 

232.52 

-7.3204 

118.07 

224.07 

230.14 

-6.0624 

z~\ 

120.00 

223.71 

231.15 

-5.4386 

'  r 

121.97 

230.29 

233.75 

-5.4686 

123.97 

237.33 

244.18 

-6.6043 

126.03 

286.93 

275.28 

11.6572 

123,14 

296.04 

295.42 

10.6201 

130.32 

303.93 

292.98 

10.9529 

132.37 

309.33 

297.72 

11.6110 

l  1 

134.90 

311.40 

299.34 

12.0555 

137.33 

299.38 

292.73  • 

6.6504 

P 

139.68 

298.13 

291.27 

6.8624 

142.37 

2V4.95 

288.78 

6.1655 

143.44 

288,78 

284.34 

4.4412 

1  *  £ . 13 

282.63 

279.44 

3/1929 

131.93 

273.37 

273.22 

0.3472 

135.73 

.  282.78 

275,14 

7.6392 

160.23 

262.49 

253.1* 

9.3163 

166,07 

133,17 

171.93 

-33.7523 

160.00 

137.11 

160.76 

•21.6516 

66$.  CORRECTION 

•»  1.04E  01 

OCC.  K 

r 

TABLE  VI-41.  APCOR4  OUTPUT  '  VI-49 


o 


ZENITH  RNGLE  CDEG-) 


(*»  930)  *SdU31  SS3N1H9 I S9/1N3S BddH 


RNGLI 


ZENITH  ANGLE  (DEG.)  h«urk  vi-o 


LO  — I  a 
n  rr  a 
COO  a 

t— « ►— i  a 

o  I — < — » 
aaa 
lull) an 
a>w 

IL.  h- 
Z 
O  I 
*-*  I 
in  i—  s 
-<a:  i 

o  M  I 
CD  *—*  /-—v. 

zaa. 

CC  CL 
Z  Jd 

acQ_h- 


ZENITH  RNGLE  (DEG.) 


CM  330)  'SdtOi  SS3MXH3 1 a9/lN3aWdH 


ZENITH  RNGLE  (OEG.J  figure  vi-25 


ZENITH  R-’SLE  (DEGe)  figuhevi-2s 


ZENITH  ANGLE  (DEG.) 


ZENITH 


si* 


ZENITH  ANGLE 


ZENITH  RNG! 


C;L:K£  VI- 3  9 


RUN 

FQLR 
T  (ftp 


9 


FIGURE  VI-41 


RUN  NO.  6  FREQ. 16.5 
POLARIZATION  HORIZ. 
T(APP) - T (BR) .... 


ni  03®  *SdU3i  SS3NiH0Ida/lN3a«dd« 


aacx 

LULU  CD 
QC>W 
U_  »- 
Z 

0)0  I 
*-«  I 
h—  I 
CT  I 
oN  I 

2Q£Q- 
CEO. 
Z_ ICE 
DOw 
OCQ.H- 


O  CE— * 

2-JQ- 

oa 

2  cl  a: 


2 


r 


LO _ I  • 

■cc  ■ 

coo  • 

«-4M  ■ 

□aS 

LULU  CO 
OC>w 
U.  I- 

z 

•HO  I 
I 
I 
I 


I 


cc 

•M 

J  ►H  rn 

ZCKQ. 

CCCL 

§os 

QCCLH- 


J _ -J _ l 


Oht  02C  COC  082 


_J _ i _ _ I _ 

092  0fi2  022 


ra  330)  "Sduai  G33MiHDiag/iN^dyddy 


RUN  NO.  12  FREQ. 16.5 
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TABLE  VI-57.  ROCK3  OUTPUT 
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TABLE  VI-59.  ROCK3  OUTPUT 
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TAELE  VI-60.  ROCK3  OUTPUT 
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TABLE  VI-61.  R0CK3  OUTPUT 


01*030)  3«niua3dJ3i  aaiun 


102  106  110  11H  118  122  126  130  13H 

ZENITH  RNGLE  (DEG.)  FIGURE  VI -79 


1 


ZENITH  ANGLE  (DEG.)  F1GUR 


RUN  NO.  13  FREQ. 16.5 
POLARIZATION  VERTICAL 
DATE  03/06/69 


ZENITH  ANGLE  (DEG.)  F7GURK  VI -S2 


102  106  110  im  118  122  126  130  134 

ZENITH  rc:GLE  (DEG.)  FIGURK  VI- 


>6  HO  114  118  122  126  130  134 

ZENITH  ANGLE  (DEG.)  FIGURE  VI  84 


RUN  NO.  19  FREQ. 
POLRRIZRTION  VERT 
DRTE  03/07/69 


01*030)  3aniua3dU3i  mm 
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m.  21  FREQ.  16*5 

mimm  vertical 
care  co/os/sa 
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ssniHiGduai  aDiun 


Vl-155 


>6  110  114  118  122  126  130  134 

ZENITH  RNGLE  (DEG.)  FIGURI  VI  86 
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hi  i  on 


>6  no  114  118  122  123  139  134 

ZGHITH  RIGLE  (OEG.l  figu  re  vm» 


S-9 


>6  110  im  118  122  126  130  134 

ZENITH  ANGLE  (DEG.)  figure  vi- 9o 


106  110  114  118  122  126  130  134 

ZENITH  RNGLE  (DEG.)  figube  vi-bz 
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ZENITH  RMGLE  (DEG 
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RESTRAINED  EMSSIVITY 
RUN  NO.  10  FREQ. 16.5 
POLARIZATION  HORIZONTAL  DATE  08/01/69 


01*030)  3aniua3dU3i  aaiun 


VI-16S 


102  106  110  UH  118  122  126  130 

ZENITH  ANGLE  (OEG.)  FIGURE  VI -99 


102  106  110  11H  118  122  126  130 

ZENITH  ANGLE  (DEG.)  FIGURE  VI-101 


RESTRAINED  EMSSIVITY 
RUN  NO.  16  FREQ. 16.5 
POLARIZATION  HORIZONTAL  DATE  08/07/69 
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ZENITH  ANGLE  (DEG.)  figure  vi-  103 


oro30)  3aniua3dU3i  a3iun 


106  110  114  118  122  126  130 

ZENITH  RNGLE  (DEG.)  FIGURE  VI- 


106  110  114  118  122  126  130 

ZENITH  RNGLE  (DEG.)  FIGURE  VI- 105 


306  110  114  118  122  126  130 

ZENITH  ANGLE  (OEG.)  FIGURE  VI-108 


RESTRAINED  EfllSSIVITY 
RUN  NO,  29  FREQ. 16,5 
POLARIZATION  HORIZONTAL  DATE  08/12/69 


onacn  jdniuaaduai  aai un 
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102  106  110  11H  118  122  126  130 

ZENITH  ANGLE  (DEG.)  figure  vi-in 


RUNS  6  RND  5  FREQ. 16.5 
PERMITTIVITY  CONSTANT 
DATE  08/01/  3  VERT - HORIZ 


106  110  114  118  122  126  130 

ZENITH  ANGLE  (DEG.)  FIGURE  VI-112 
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RUNS  t.ND  9  FREQ.  16.5 

pern  Tivnr  constant 

DATE  08/01  9  VERT -  HORI 


orsaa)  aanjwaaduai  aaiun 


106  110  114  118  122  126  130 

ZENITH  RNGLE  (DEG.)  figure  vi-im 
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RUNS  20  AND  19  FREQ. 16.5 
PERMITTIVITY  CONSTANT 
ORTE  08/07/69  VERT -  HORIZ 


RUNS  :>  1  TMD  21  FREQ. 16*5 
PERM  1VITY  CONSTRNT 
DRTE  08/08/ oj  VERT - HORIZ 


UNS  24  AND  23  FREQ. 16.5 
PERMITTIVITY  CONST RNT 
08/08/69  VERT——  HQRIZ 


0} 


orascn  3aniya3dU3i  d3ibn 


VI- 11)0 


RUNS  26  AND  25  FREQ* 15.5 
PERniTTXVITY  CONSTANT 
DATE  03/12/C3  VERT -  HORIZ 
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vi  - 1  '.v. 


(N*nga)  3aniua3duai  a3ibn 


106  110 
ZENITH  ANGLE 


OERIVED  EMSSIVITY 
RUN  NO.  6  FREQ. 16.5 
POLRRIZRTIQN  HORIZONTAL  DATE  08/01/69 


10  130  140 

ZENITH  ANGLE  (DEG.) 
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ZENITH  ANGLE  (DEG.) 


DERIVED  EMISSIVITY 
RUN  NO.  10  FREQ. 16.5 
POLARIZATION  HORIZONTAL  DATE  08/01/69 


A1IAISSIU3 


100  110  120  130  140  150  160  170  180 

ZENITH  ANGLE  (DEG.)  figuh;-:  vi-ino 


100  no  120  130  140  ISO  160  170  180 

ZENITH  RNGLE  (05G.) 


DERIVE  EfllSSIVITY 
RUN  NOb  , 7  FREQ, 18*5 
POLARIZATION  HORIZONTAL  DATE  08/07/69 


A1IAISSIIJ3 


100  110  120  130  140  150  180  170  180 

ZENITH  ANGLE  (DEG.,)  nr.i* uk  yt- 


DERIVED  EttlSSIVITY 
RUN  NO.  20  FREQ. 16,5 
POLRRIZflTIGN  HORIZONTAL  DATE  08/07/69 


100  110  120  130  1H0  150  160 

ZENITH  RNGLE  (DEG.) 


DERIVED  EHISSIVITY 

RUN  MO.  ° ■'  FREQ,  16.5 
POLRRIZRTICN  HOF;  2!!TRL  DRTE  08/C3/S9 


A1IAI5SIM3 


VI  :•')  ; 


IITH  R:i3LE  (DEG„)  FIGURE  VI- 


derivep  aiissiyirr 

RUN  NO.  *£.J  FPcQ.13.5 
POLRRIZRTIOH  HCRIZGHTRL  03TE  08/12/89 


ZENITH  RPGLF:  (DEG  II  CURE  Y1-1.J7 


DERIVED  EI1ISSIVITY 

v»  k  f  ^  /•%  * 


100  110  120  130  mo  150  160  170  160 

ZENITH  RN'GLE  (DEG.)  figure  vi-m 


DERIVED  EMISSIVITY 
RUN  HQ*  29  FREQ,  16*5 
PQLRRIZRTIQN  HORIZONTAL  DATE  08/12/69 


100  110  120  130  140  150  160  170  160 


DERIVE  1  ilSSIVITY 
RUN  UO.  Fr.EG»  16  3  5 

PCLflRIZRTICN  HC  0  TF.L  LITE  08/13/69 


100  110  120  130  140  150  160  170  180 

ZENITH  RUGLE  (DEG.)  figfkkyi 


OERIVED  EtllSSIVITY 
Run  r:o.  !,f  feeGcISbS 
polrri:.jio;i  ve,;TICP,l  r:r,TE  07/29/69 


ZENITH  RNGLE  (DEG.)  fici-mkvi- 


A1IAISSIU3 


VI -21 2 


100  110  120  130  1H0  150 

ZENITH  RNGLE  (DEG.) 


DERIVED  EttlSSIVITY 

rm  NO.  8  FREQ.  18.5 
P0LRRI2RTICH  VZ1TICRL  DOTE  08/01/69 


110  120  130  140  150  160  170  180 

ZENITH  RNGLE  (DEG.)  nGUllE  VI-14'1 


DERIVED  EilJSSIVITY 
RUN  KD«  3  FREQ „ 16,5 
POLRRIZRTION  VERTICRL  DRTE  08/01/69 


DERIVED  EI1ISSIVITY 
RUN  NO*  13  FREQ. 16.5 
POLAR I 2RT I ON  VERTICAL  DRTE  08/06/69 


JLLIAISSIU3 


VT-21(i 


110  120  130  140  150  160  170  180 

ZENITH  ANGLE  (DEG.)  figure  vi-14 


DERIVED  EMISSIVITY 
RUN  NO.  19  FREQ. 16.5 
POLARIZATION  VERTICAL  DATE  08/07/69 


>0  130  140 

ZENITH  ANGLE  (DEG.) 


DERIVED  EfllSSIVITY 
RUN  NO.  21  FREQ. 16.5 
POLARIZATION  VERTICAL  DATE  08/08/69 


DERIVED  ET1I5SIVITY 
RUN  NO.  25  FREQ. 16.5 
POLARIZATION  VERTICAL  DATE  08/12/69 
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DERIVED  EfllSSIVITY 
RUN  NO.  30  FREQ. 16.5 
POLARIZATION  VERTICAL  DATE  08/12/69 


ZENITH  ANGLE  (DEG.)  FIGURE  v1154 


FIGURE  VI- 


DERIVED  EfllSSIVITY 
RUN  NO.  36  FREQ. 16.5 
POLARIZATION  VERTICAL  DATE  08/14/69 
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ZENITH  ANGLE  (DEG.) 


DERIVE,'  ErSISSIVITY 
RUN  H0.£. 1  FREQ,  9,5 
POLRRIZflTION  VE3T1CRL  DRTE  07/17/69 
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AJ.IAISSIU9 


VI  -‘229 


ZENITH  ANGLE  (DEG.)  FIGURE  v1160 


DERIVED  ETIISSIVITY 
RUN  NO. 101  FREQ.  9.5 
POLARIZATION  VERTICAL  DATE  07/21/69 


>0  130  1H0  150  160  170  180 

ZENITH  PMGLE  (DEG.) 


O) 

ID 

\ 

in 

CM 

V. 

rs. 

o 

in 

>-  «iu 
f-OH- 
*-•  a: 

>  »a 
-«a 
imu-j 
tnciicr 
►HIL.O 

c.  *-« 

UJ  H- 
CM  O' 
O  1JJ 
UJ  > 

>  ■ 

*-•02 
a  20 
uj  *-• 
□  Zh 

occ 

oirsi 

Of 

a: 


ri  6*o  z*o  s-o  G- o  ro  ro-  co-  $*o- 


A1IAISSIU3 


VI  I 
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ZENITH  ANGLE  (DEG*)  FIGURE  VI-162 


DERIVED  EHISSIVITY 

RUN  NO.  4  FREQ  1  ft , 5GHZ 
DATE  07/29/69 

polarization  v 


ZENITH 

BRIGHTNESS 

ANCLE 

temperature 

EMJSSIVITY 

(DEC.) 

(DEG.K) 

96,76 

275.75 

0,70955 

98,46 

275.90 

0,75054 

100,16 

274.05 

0,76224 

101, 88 

270,99 

0,76275 

103,61 

264,11 

0,73326 

103,35 

264,95 

0,76199 

107,10 

261,50 

0,75772 

108,88 

257,02 

0,74668 

110,67 

252,58 

0,73432 

112,48 

247.21 

0,71575 

114,32 

241,84 

0,69719 

116,18 

231.25 

0,65162 

118,07 

228,55 

0,64663 

120,00 

223,09 

0,62720 

121,97 

216,69 

0,60134 

123.  c‘7 

208,59 

0,56736 

126,03 

207,17 

0,56576 

TABLE  VI -02 


VI- 


DERIVED  emissivity 

RUN  NO,  5  FREQ  16.5GHZ  : 
OATE  08/01/69 
POLARIZATION  V 


ZENITH 

BRIGHTNESS 

ANGLE 

temperature 

EMISSIVITY 

I  DEG,  ) 

(DFG.K) 

96,76 

284.15 

0,91796 

90,46 

276,65 

0,88617 

100,16 

275.80 

0,88024 

ioi.se 

275,00 

0,88013 

103.61 

276,97 

0,90083 

105,35 

267,36 

0,86151 

107,10 

262,27 

0,84281 

100,88 

260,35 

0,83764 

110,67 

258,66 

0,83404 

112.48 

250.87 

0,80525 

114,32 

244,04 

0,78070 

116,18 

241,26 

0,77230 

118,07 

232,55 

0,74049 

120,00 

228,12 

0,72537 

121.97 

227,  *<3 

0,72467 

123,97 

220,47 

0,69081 

126,03 

211,60 

0,66592 

TABLE  V1-G3 


VI -23! 


DERIVED  EMISSIVITY 


RUN  NQ,  6  FREQ 
DATE  Ofl/Oi/69 

polarization  h 


16,5  GHZ 


zenith 

angle 

(DEG, ) 
96,76 
98,46 
100,16 
101,88 
103,61 
103,35 
107,10 
108,88 
110,67 
112,48 
114,32 
116,18 
118,07 
129,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

temperature 

(OEG.K) 

120,79 

124,88 

122,10 

120,59 

120,07 

119.53 

122,74 

126,04 

127.90 

127.91 
131,39 
135,24 

132.99 
135,88 
140,54 

140,65 

147.99 


EMISSIVITY 

-0.10575 

0,02544 

0,09705 

0,14445 

0,17512 

0,19606 

0,22624 

0,25080 

0,27510 

0,28564 

0,30867 

0.33174 

0,32919 

0,34594 

0,37467 

0,38394 

0,42063 


TABLE  VI-64 


DERIVED  emi ss i vi ty 

RUM  NO,  7  FREQ  16.5GHZ 
DATE  08/01/69 
POLARIZATION  H 


zenith 

BRIGHTNESS 

ANGLE 

TEMPERATURE 

EMISSI VTTY 

(DEG, ) 

( DEG.K ) 

96,76 

121,45 

"0,25510 

98 , 46 

124,93 

"0,03349 

100,16 

121,20 

0,09421 

101,88 

118,79 

0,16529 

103.61 

115,13 

0,18728 

103,35 

117,25 

0,21986 

io?,io 

125,45 

0,26668 

108,88 

126,38 

0.27421 

110,67 

122,02 

0,27390 

112.48 

131,88 

0,32477 

114,32 

139,07 

0,36166 

116.18 

124,04 

0,30380 

118,07 

137,28 

0,36679 

120,00 

142,79 

0,39324 

121,97 

142,56 

0,40008 

123,97 

144,45 

0,41451 

126,03 

145,85 

0,42650 

Table  VI-65 


VI -2.% 


DERIVED  EMI ss i vi TV 

RUM  MO,  6  FREQ  16.5GHZ 
DATE  08/01/69 
POLARIZATION  V 


ZENITH 

brightness 

ANCLE 

temperaturf 

EMISSIVITY 

(DEG. ) 

(DEG.K ) 

96,76 

275,20 

0,83910 

98,46 

271,67 

0,84379 

100,16 

274,01 

0,07444 

101,88 

279,86 

0,91064 

103,61 

275,59 

0*59566 

105,35 

272,54 

0,88555 

107,10 

264,45 

0,05324 

100,88 

254,18 

0,81136 

110,67 

245,39 

0,78010 

112,48 

245,42 

0,78441 

114,32 

238,35 

0,75995 

116,18 

233,16 

0,74309 

118,07 

229,50 

0,73205 

120,00 

219,27 

0,69576 

121,97 

217,16 

0,69087 

123,97 

215.73 

0,68927 

126,03 

205,25 

0,65184 

TABLE  VI-GG 


VI -237 


DERIVED  EHISSIViTY 


RUN  NQ,  9  FREQ  16.5GMZ 
DATE  OR/ 01/69 

polarization  v 


zenith 
ancle 
(DEC.) 
96,76 
98,46 
100,16 
i  0  i ,  C  ii 
103,61 
105,35 

107.10 
108,88 
110,67 
112,48 
11A, 32 

116.10 
118,07 
120,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

TEMPERATURE 

(DEG.K) 

274,38 

273.93 
272,14 
269,66 

267.60 
260,33 
259,68 

255.61 
248,18 

247.61 

239.89 
234,75 

227.94 
227,07 
223,32 

221.90 

216,08 


EMI SS I  VI TY 

0,48740 

0,50864 

0,64747 

0,71089 

0,75548 

U,  75224 

0,78564 

0,79299 

0,77484 

0,78194 

0,75684 

0.74121 

0,71774 

0,71682 

0,70726 

0,70606 

0,68765 


TABLE  VI-G7 


OE&IVEO  EMISSIVITY 


RUN  NO,  10  FREQ  16.5GHZ 
DATE  08/01/69 

polarization  H 


ZENITH 

brightness 

ANGLE 

TEMPERATURF 

EMISSIVITY 

(OEG,  ) 

(OEG.K) 

9ft,  76 

150,82 

"1,57794 

98,46 

151,76 

"0,88717 

10O,  16 

148,66 

•0,46446 

101.86 

147,66 

-0,15337 

103,61 

147,85 

0,01597 

105,35 

152,97 

0,16238 

10T.10 

150,74 

0,23186 

108,86 

149,43 

0,28548 

110,67 

149,84 

0,32378 

112,40 

146,66 

0,32061 

114,32 

150,30 

0,34175 

116,18 

150.98 

0,34540 

118.07 

153,13 

0,35318 

120,00 

151,18 

0,34204 

121,07 

158,05 

0,38976 

123,97 

164. '2 

0,43382. 

126,03 

173,74 

0,48725 

TABLE  VI-G8 


derived  EMISSIVITY 


RUN  NO.  11  FREQ  16.3GHZ 
DATE  08/05/69 
POLARIZATION  V 


ZENITH 

angle 

(DEG.) 

96.76 

98,46 

100.16 

101.88 

103,61 

103,35 

107,10 

108.86 

110,67 

112.48 

114.32 

116,18 

118,07 

120,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

temperature 

(OEG.K) 

326,42 

322.41 
321,59 
320, °7 

312.88 
314.36 

302.54 

296.41 
297,64 

289.88 
283,03 

282.54 
276,93 
269,07 
262,90 
264,19 
259,79 


EMISSIVITY 

1,41899 

1,26931 

1.21044 

1.18070 

1,10530 

1.11235 

1,02522 

0,98185 

0,99074 

0,93907 

0,89468 

0,89235 

0,85543 

0,80571 

0,76561 

0.77542 

0,74746 


TABLE  VI-C9 


DERIVED  EMISSI VI TY 

RUN  NO.  12  FREQ  16.5GHZ 
DATE  08/05/69 

polarization  h 


ZENITH 

BRIGHTNESS 

ANCLE 

temperature 

EMISSIVITY 

(DEC.) 

(DEC.K) 

96,76 

213.60 

"0 ,48556 

96,46 

219,12 

-0,22519 

100.16 

203,07 

-0,07896 

101 c  68 

195,29 

0,01990 

103,61 

190,08 

0.08725 

105.35 

196.21 

0.21927 

107,10 

191,96 

0,24997 

106.88 

191.01 

0,29157 

110,67 

194,76 

0,35044 

112,48 

192.15 

0,35460 

114.32 

193,96 

0,38045 

116,18 

197.78 

0,41342 

118,07 

198.57 

0,42553 

120.00 

201,43 

0.44733 

121.97 

195,93 

0,42580 

123.97 

200.14 

0.45721 

126.03 

205,90 

0,49536 

TABU-:  VI -70 


VI  -211 


0E«IVEO  EMISSIVITY 


RUN  NO.  13  FREQ  16,, GHZ 
DATE  08/06/69 
POLARIZATION  V 


ZENITH 

angle 

(DEG.) 

96.76 

98,46 

100,16 

101.86 

103.61 

106,35 

107,10 

108,68 

110,67 

112.46 

114,32 

116,18 

118,07 

I2n,oo 

121.97 

123.97 
126.03 


BRIGHTNESS 

TEMPERAT'JRC 

(DEG.K) 

282.45 
274,04 

272,18 

268.59 
264.91 
261,08 

255.46 

250.21 

244.21 
234, M 
236,50 
232.30 
230,20 
228,16 
215.76 
222.97 

208.59 


EMISSIVITV 

0,91872 

0,88499 

0,88149 

0,86353 

0,85619 

0,94313 

0,82262 

0,80363 

0,78290 

0.74911 

0,76591 

0,74437 

0,73346 

0,73255 

0,68731 

0,71565 

0.66315 


TABLE  VI -71 


VI 


FORTRAN  IV  PROGRAM  E^ISS  UINK-EDITED  AS  EMISS  )  STARTEO 


11/26/69 


OERJVED  EMISSIVITY 

RUN  NO.  14  FREQ  16.5GHZ 
DATE  00/06/69 
POLARIZATION  H 


ZENITH 

brightness 

ANGLE 

TEMPERATURE 

EMISSimY 

(DFG.  ) 

(OEG.K) 

96.76 

117,93 

0.02055 

90,46 

110,47 

0,08218 

100,16 

114.81 

0.11110 

101,88 

111,07 

0,13105 

103.M 

114.27 

0,16954 

105,35 

119.68 

0,21500 

107,10 

120.93 

0,23718 

100,88 

121,98 

0,25489 

110,67 

124,47 

0,27909 

112,48 

128,68 

0,30582 

11-. 32 

131,35 

0,32435 

116,18 

135.17 

0.34605 

118,07 

137, Pi 

0,36206 

120,00 

137,56 

0,36552 

121,97 

150,06 

0,41984 

123,97 

153,74 

0,43888 

126,03 

163.48 

0,43062 

TAI3I.K  VI-72 


OERJVEO  EMISSIVITY 

RUN  NO.  15  FREQ  16.5GWZ 
DATE  OR/07/69 
POLARIZATION  V 


zenith 

brightness 

ANGLE 

temperature 

EMISSIVITY 

(liliG.  ) 

(DEG.K) 

96.76 

274.15 

0,89516 

98,46 

271,71 

0,88216 

100.16 

273,28 

0,39314 

101. S3 

274,68 

0,90059 

103.61 

265,9; 

0,86742 

105.35 

262,20 

0,85472 

107,10 

254.30 

0.82541 

1 0  A  ,  8  8 

247.18 

0,79905 

110,67 

242,06 

0.78188 

112.48 

236,50 

0,76277 

il«.32 

229,44 

0,73804 

116,18 

222,24 

0,71282 

118.07 

217,46 

0,69658 

120.00 

210,97 

0,67392 

121.77 

209, 05 

0,66319 

123,97 

203,94 

0,65055 

126, u3 

196,44 

0,62416 

T.YBI.L  VI -7.1 


VI -2  1! 


DERIVED  EMISSIVITY 

RUN  NO.  16  FREQ  16.55HZ 
DATE  09/07/69 

polarization  h 


ZENITH 

BRIGHTNESS 

ANCLE 

TEMPERATURE 

EMISSIVITY 

(DEC.  ) 

(DEG.K5 

96,76 

100.35 

-0,02786 

98,46 

102.65 

0,05908 

100.16 

101,80 

0,11379 

101.86 

105,18 

0,16528 

103.61 

102,29 

0.17395 

109,35 

106,18 

0,21379 

107.10 

106,02 

0,22636 

108.08 

107,23 

0.24010 

110,67 

111.71 

0,27037 

112.48 

116.89 

0.29036 

11*. 32 

114.83 

0,29673 

116,18 

122,17 

0,32960 

118,07 

121,34 

0,33048 

120.00 

127,21 

0.35586 

121.97 

126,18 

0.35663 

123.97 

137.40 

0,40244 

126,03 

153,99 

0,48555 

DERIVED  EMI SS I VI TY 


R UN  NO,  17  FREQ  16.56HZ 
DATE  08/07/69 
POLARIZATION  H 


ZENITH 

BRIGHTNESS 

angle 

TEMPERATURE 

EMISSIVITY 

(DEG.) 

( DEG.K) 

96,76 

102,51 

-0,02666 

98,  46 

108,15 

0,07259 

100,16 

107,10 

0,12318 

101,88 

108,00 

0,16116 

103,61 

109,63 

0,19123 

105,35 

107,82 

0,19999 

107,10 

111,61 

0,22707 

108,89 

115,59 

0,25071 

110,67 

118,28 

0,27394 

112,48 

120,79 

0,29281 

114, iZ 

122,10 

0.30539 

116,18 

128,39 

0,33633 

118,07 

129.91 

0,34772 

120.00 

134,51 

0,37025 

121.97 

134,95 

0,37766 

12?  97 

139,24 

0,39914 

12o , 03 

146,09 

0,42954 

TABLE  VJ-75 


DERIVED  EMI SS  J  vi TY 


RUN  no,  18  FREQ  1  ?> ,  5 C H 2 
DATE  08/07/69 
POLARIZATION  V 


zenith 

angle 

(DEG. ) 
96.76 
95,46 
100,16 
101,88 
103,61 
105,35 
107,10 
108,88 
110,67 
112,48 
114,32 
116.18 
118,07 
120,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

TEMPERATURE 

(OEG.K) 

274.54 
272.09 
271,39 

267.33 
265,67 
262.91 
253,49 
246,06 
241,61 

234.55 
227.80 
224.47 
221,72 

211.34 
208,59 
203,09 
200,37 


EMISSIVITY 

0,88711 

0,88304 

0,88450 

0,87002 

0,96531 

0,85778 

0,82310 

0.79639 

0,78231 

0,75004 

0,73499 

0,72461 

0,71519 

0,67970 

0,67144 

0, 65634 

0,64472 


TABLE  VI-76 


DERIVED  EMI ss I vi ty 


no.  19  FREQ  16.5GHZ 
DATE  08/07/69 

polarization  v 


zenith 

ANGLE 
(DEG, ) 
96,76 
98,46 
100,16 
101,88 
103,61 
105,35 
107,10 
108,88 
110,67 
112,48 
114,32 
116,18 
118,07 
120,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

temperature 

(DEG.K) 

274.40 
269,19 
269,29 

268.41 
261,21 
256,85 
251,71 
245,40 
238,45 
232,65 

227.52 

220.24 

214.24 
214,12 

208.53 
201.83 
198,10 


EMI SS I VI  TY 

0,88489 

0,86882 

0,87437 

0,87330 

0,84726 

0,83292 

0,81539 

0,79327 

0,76987 

0,75059 

0,7337? 

0,70888 

0.68R72 

0,68996 

0,67141 

0,64383 

0,63699 


TABLE  VI-  77 


DERIVED  emissivity 


RUN  No,  20  FREQ  16.5GHZ 
DATE  08/07/69 
POLARIZATION  h 


zenith 

ANGLE 
(DEG. ) 

96,76 

98,46 

100,16 

101,88 

103,61 

103,35 

107,10 

100,88 

110,67 

112,40 

114.32 

116,18 

110,07 

120,00 

121,9? 

123.97 

126,03 


brightness 

TEMPERATURE 
( QEG.K  > 

97.40 
104,41 
104,73 
107,49 
105,80 
105,63 

109.29 
113,86 
117,72 

118.29 
119,24 
122,65 

127.40 

130.40 
132,39 
137,04 
152,46 


FMISSIVITY 


"0,03758 

0,06077 

0,11292 

0,16063 

0,18010 

0,20043 

0,23163 

0,26219 

0,29060 

0.30137 

0,31199 

0,33141 

0,35333 

0,36967 

0,38195 

0.40456 

0,46576 


TABLE  VI- 78 


DERIVED  EMI SS I  VI TY 

RUN  NO,  21  FREQ  16.5GHZ 
DATE  08/08/69 
POLARIZATION  V 


zenith 

RRIGHTsiESS 

ANGLE 

TEMPFRATURE 

EM  I  S S I V I  TV 

(DEG.) 

(OEG.K) 

96,76 

268,06 

0,85545 

98,46 

258.31 

0,82142 

100,16 

258,51 

0,82941 

101.98 

259,94 

0,83968 

103,61 

252,08 

0,81049 

105,35 

246,36 

0,79097 

107,10 

241,78 

0,77562 

108,08 

238,16 

0,76364 

110,67 

234,46 

0,75271 

112,48 

227,37 

0,72842 

114,32 

222.91 

0,71408 

116,18 

219,57 

0,70378 

118,07 

212,97 

0,68129 

120,00 

210,38 

0,67350 

121.97 

201  ,89 

0,64439 

123.97 

206,32 

0,66240 

126,03 

207,54 

0,66338 

TABLZ  VI-79 


DERIVED  EMISSIVITY 

RUN  NO.  22  FREQ  16.5GHZ 
DATE  08/08/69 
POLARIZATION  H 


zenith 

brightness 

angle 

TEMPERATURE 

EMISSIVITY 

(DEG.  } 

( DEG , K  ) 

96,76 

100,17 

-0,06114 

98,46 

109,12 

0,05720 

100,16 

108, «9 

0,11362 

101,88 

109,71 

0,15622 

103,61 

111,31 

0,19064 

105,35 

117,16 

0,23594 

107,10 

119.01 

0.25H60 

108,88 

122,21 

0,28263 

110,67 

126,34 

0,31243 

112,48 

124,95 

0,01580 

114,32 

129.48 

0,34070 

1 1 6 , 8 

125,40 

0,33083 

118,07 

134,15 

0,36937 

120,00 

136,90 

0,38058 

121,97 

139,93 

0,40075 

123.97 

150,19 

0,44389 

126,03 

177,12 

0,54797 

TABLE  VI -SO 


DERIVED  EMI SS I  VI  TY 


RUN  NO. 

23  FREQ  16.5GH7 

DATE  08/08/69 

polarization  v 

zenith 

BRIGHTNESS 

ANGLE 

TEMPERATURE 

EMISSIVITY 

(DEG.) 

COEG.K) 

96,76 

264,99 

0,84677 

98,46 

257,97 

0,82672 

100,16 

258,10 

0,83425 

101,88 

258.01 

0,83665 

103,61 

262,06 

0,85568 

10?,35 

255,88 

0,83382 

107,10 

245,78 

0.79674 

108,8a 

241,47 

0,78159 

110,67 

240,90 

0,78213 

112,48 

230,87 

0,74706 

114,32 

230,55 

0,74809 

116,18 

223.62 

0,72466 

118,07 

220,61 

0,71549 

120,00 

216,08 

0,70061 

121,97 

206,50 

0,66730 

123,97 

204,93 

0.66232 

126,03 

202,48 

0,65469 

VI- 


TAHLK  \'[  -81 


OER I VEH  EMISSIVITY 


JrJ,NU*  ,?4  F*EQ  16.5GHZ 
date  or/os/69 

polarization  h 


zenith 

angle 

(DEG.  ) 
96,76 
90,46 
100,16 
101 , R8 
103,61 
105.35 
107, lo 
1  OR , R8 
110,67 
1U, 48 
11*. 32 
116.18 
115,07 
120,00 

121.97 

123.97 
126,03 


brightness 

temperature 

(OEG.K ) 
102.77 
109,71 
108.95 
109.04 
112,34 
111,66 
118,14 
121.17 
119.00 
123,09 
127,08 
132.21 
132.01 
135,99 
144,96 
146.57 
169,47 


EMISSIVITY 

"0,03708 
0,07577 
0,13450 
0.1704R 
0,20479 
0 , 2 1 4  8  fl 
0,24949 
0.26573 
0,27276 
0,29767 
0,32373 
0,35273 
0.359R2 
0,38178 
0.41963 
0,4288? 
0.51749 


table  VI -K! 


0E«1VED  EM  I  SSI  VI TY 


RUN  NO.  23  FREQ  16.5GHZ 
DATE  Ofl/12/69 
POLARIZATION  V 


zenith 

ancle 

(DEC.) 
96,76 
98.46 
100,16 
101,86 
103,61 
105,35 
107,10 
108,88 
110,67 
112,48 
114,32 
116,18 
11", 07 
120,00 

121.97 

123.97 
126,03 


brightness 

TEMPERATURE 

(OEC.K) 

265,39 

261,9? 

265,08 

268.36 
262,61 
252,76 
249,84 
243.63 
233,11 
227,74 
227.51 
217. "2 
212.73 
205,08 
203,83 

197.37 
194,95 


EMISS1VITY 

0,84768 

0,84210 

0,86123 

0,87737 

0,85759 

0,82199 

0,81303 

0,79112 

0,75429 

0,73589 

0,73624 

0,70147 

0,68357 

0,65631 

0,65415 

0,63314 

0.62688 


table:  vi- S3 


VI- 


DERIVED  EMI ss  x  vi ty 

RUN  f J n *  26  FREQ  16.5GHZ 
DATE  OR/12/69 
POLARIZATION  H 


ZENITH 

BRIGHTNESS 

angle 

TEMPERATURE 

EMI  SSI  VI TY 

<  DEG.  ) 

(OEG.K) 

96.76 

98,61 

0,01343 

98,46 

104,19 

0,09358 

100,16 

102,71 

0,13160 

101,88 

100,83 

0,15293 

103,61 

100. FB 

0,17332 

105.35 

104,46 

0,20306 

107,10 

109.81 

0,23570 

108,88 

114.07 

0.26055 

110,67 

115,75 

0,27891 

112,4fl 

114.42 

0,28360 

114.32 

121.71 

0.32029 

116,18 

119.51 

0,31939 

118.07 

124.66 

0,34537 

120,00 

131.74 

0,37744 

121.97 

127,54 

0,36621 

123.97 

145,45 

0,43586 

126,03 

169,33 

0,52623 

TAB LK  Vi- Si 


VI- 


f 


DERIVED  tHISSIVITY 

RUN  NO.  27  FREQ  16.5GHZ 
DATE  06/12/69 
POLARIZATION  V 


ZENITH 

brightness 

angle 

TEMPERATURE 

EMISS1VITV 

(DEC.) 

(OEG.K) 

96,76 

270.60 

0,86814 

98,46 

266,19 

0.85690 

100,16 

265,77 

0,96089 

101,88 

263,61 

0,85482 

103,61 

259.72 

0,94259 

103,35 

253,27 

0.81999 

107,10 

250,26 

0,81068 

108,88 

244,74 

0,79132 

110,67 

236.96 

0,76466 

112.48 

233,87 

0,75526 

114,32 

227,68 

0  ”3405 

116,18 

222.33 

0, 71500 

118,07 

217.22 

0,69976 

120,00 

212,61 

0,68339 

121,97 

205,03 

0,65922 

123,97 

205,24 

0,66141 

126,03 

197,30 

0,43512 

TARI-E  VI-'SS 


derived  ehissivity 

RUN  NO.  28  FREQ  16.5GHZ 
DATE  08/12/69 

polarization  h 


ZENITH 

brightness 

angle 

TEHPERATURf 

EMISSIVITY 

(DEG.  ) 

(OEG.K) 

96,76 

104, n0 

-0,00467 

98,46 

111,07 

0,08685 

100,16 

109,56 

0,12989 

101,08 

107,30 

0,15506 

103.61 

114,50 

0,21007 

105.35 

109.00 

0.20054 

107,10 

119,62 

0,26301 

108.88 

123,09 

0,28713 

110,67 

118,34 

0, 28073 

112,48 

123,63 

0,31071 

114,32 

128,50 

0,3371*- 

116,18 

130,26 

0,35027 

118.07 

135. 11 

0,37423 

120.00 

139,11 

0,39416 

121,97 

138,27 

0,39691 

123.97 

148,1 2 

0,43904 

126.03 

170.23 

0, 52  c25 

derived  emxssi vxty 

RUN  Nn,  ?9  FREQ  1  !S ,  «5GHZ 
DATE  ur/12/69 
PCLARJZATI3N  H 


Zenith 

brightness 

angle 

TEMPERATURE 

EHISSIVITV 

(DEG, ) 

(OEG.K) 

96,76 

102.49 

-0,00460 

98,46 

108,21 

0,08240 

100,16 

107,86 

0,12911 

101,88 

108.39 

0,16379 

103,61 

110,24 

0,1941? 

105,35 

111,98 

0,21838 

107.10 

114,40 

0,24091 

108,88 

117,85 

0,26415 

110,67 

121,57 

0,29150 

112,48 

123,00 

0,30679 

114,32 

125,76 

0,32580 

116,18 

124,03 

0,32514 

118,07 

125,98 

0,33969 

120.00 

134,25 

0,37524 

121,97 

136,50 

0,38900 

123,97 

140,03 

0,40593 

126*03 

149,63 

0,44446 

TABLE  VI- 37 


DERIVED  EMISSIVITY 


RUM  MO, 

30  FREO  ife,5GHZ 

DATE  OB 

/ 1 2  /  6  9 

POLAklZ 

ATION  V 

zenith 

brightness 

ANGLE 

TEMPERATURE 

EMI5S!VITY 

<  DEG,  ) 

(DEG.K) 

96,76 

275,42 

O.B8960 

98,46 

269,45 

0,36878 

100,16 

260,26 

0,86795 

101,88 

264,68 

0,95519 

103,61 

256,18 

0,82367 

105,35 

255,60 

0,82483 

107.10 

252,42 

0,81516 

108,88 

246.49 

0,79452 

110.67 

238,71 

0,76762 

112,48 

231.20 

0.74154 

116.32 

224,53 

0,71878 

116,18 

221,70 

0,71043 

110,07 

214,74 

0,68653 

120 j  00 

210,45 

0,57253 

121,97 

206,26 

0,65952 

123,97 

206,63 

0,66094 

126,03 

198,91 

0,63713 

TABLE  VI-  88 


V 


T 


4 


VI -25 9 


DERIVED  EMISSIVJTY 


RUN  no.  31  FREQ  16.-5GHZ 
date  or/13/69 
POLARIZATION  H 


Zenith 

angle 

<OEG.  ) 
96,76 
98,46 
100,16 
101,68 
103,61 
105.35 
107,10 
106,08 
110,67 
112,48 
114,32 
lift, 10 
110,07 
120,00 

121.97 

123.97 
126,03 


BRIGHTNESS 

TEMPERATURE 

(DEG.K) 

113,03 

116.50 
112,28 
111.47 

113.35 
116,54 

117.50 
117,31 
117,58 
121,94 
125,21 
126,67 

132.35 
133,13 
132.02 
139,12 
150,99 


EMISSJVITY 

"0,05900 
0,04796 
0,09935 
0,14568 
0,18445 
0,22104 
0,04150 
0  25235 
0,26995 
0, 29655 
0,31757 
0, 33003 
0,35770 
0,36570 
0,37159 
0,40180 
0,45176 


TABLE  VI -89 


DERIVED  EMISSIVITY 


RUN  No.  32  FREQ  16.5GHZ 
DATE  OR/ 13/69 

polarization  v 


ZENITH 
ANGLE 
(DEG, ) 
96,76 
9B ,  46 
100,16 
101,88 
103,61 
105,35 
107,10 
108,88 
110,67 
11?, 48 
114,32 
116,18 
118,07 
120,00 

121.97 

123.97 
126,03 


brightness 

TEMPERATURE 
(OEG.K  ) 
273,62 
268,58 
269,96 
267,50 

264.42 
256,89 

250.23 

246.42 
243,09 
233,26 

233.66 

225.23 
218,32 
214,69 

211.67 
201,60 
203.78 


EMISSIVITY 


0,86839 

0,85451 

0,86383 

0,86228 

0,05340 

0,82562 

0,00156 

0,78382 

0,77942 

0,74386 

0,74809 

0,71307 

0,69579 

0,68215 

0,67312 

0,63777 

0.66552 


TABLE  VI- 90 


derived  EMISSIVITY 


RUN  NO,  35  FREQ  16.3GHZ 
DATE  08/14/69 
POLARIZATION  H 


ZENITH 

BRIGHTNESS 

angle 

TEMPERATURE 

EMISSIVITY 

(DEG, ) 

(OEG.K) 

96,76 

256.91 

-0,67486 

98,46 

254,17 

-0,55700 

100,16 

251,27 

-0,41685 

101,88 

254,28 

-0,27725 

103,61 

259,28 

-0,11524 

105,35 

262,39 

0,01350 

107,10 

253,90 

-0,52781 

106,68 

247,04 

-0,16460 

110,67 

242,37 

-0,01631 

112,48 

227,24 

0,03174 

114,32 

207,68 

0,03248 

116,18 

217,28 

0,29641 

118,07 

212,76 

0,37353 

120,00 

205,07 

0,41867 

121,97 

196,32 

0,42968 

123,97 

214,24 

0,57146 

126,03 

212,91 

0,59928 

TABLE  VI -91 


VI-20 


DERIVED  FMISSIVJTY 


RUN  No,  36  FREQ  16,^GH2 
DATE  OR/14/69 

polarization  v 


Zenith 

angle 

(deg. > 

96,76 
90.46 
100.  16 
101,08 
103,61 
105,35 
107.10 
100,88 
110,67 
112,48 
1 1  A , 32 
116,18 
118,07 
120,00 

121.97 

123.97 
126,03 


brightness 

TENDER ATURF 
(DEG.K) 
280,97 

283.45 
286,85 
284,30 
278,35 
276,73 
270,09 
260,42 

250.46 
246,24 
240,10 
232,44 
227,64 

220.76 
217,51 

211.77 
214,18 


EMISSIVKTY 

0,80861 

0.85997 

0,90310 

0,89481 

0,86571 

0,36691 

0,83965 

0,79968 

0,76167 

0,75325 

0,73606 

0,71273 

0,70197 

0,68239 

0,67665 

0,66047 

0,67522 


TABLE  VI -92 


VI- 


DERIVED  EMI SS I  VI TY 

RUN  ND.201  FREQ  9.5&HZ 
DATE  07/17/69 
POLARIZATION  V 


ZENITH 

BRIGHTNESS 

ancle 

TEMPERATURE 

EMISSIVITY 

(DEG. ) 

( DEG.K ) 

96.76 

323,03 

1,17371 

98.46 

300,50 

1,00943 

100.16 

290,47 

0,95129 

101,88 

281,81 

0,90328 

103,61 

274,13 

0,87580 

105,35 

284,61 

0,93202 

107.10 

279.20 

0,90522 

108,88 

273,76 

0,87704 

110,67 

268.11 

0,84586 

112.48 

262,37 

0,81128 

114,32 

257,00 

0,77432 

116,18 

225,20 

0,61084 

118,07 

224.07 

0,60993 

120,00 

225.71 

0,62243 

121.97 

230,29 

0.64962 

123,97 

237,68 

0,69020 

126,03 

286.93 

0,93938 

TABLE  Yl -93 


DERIVED  EHISSIVITY 

RUN  NO. 101  EREQ  9.3GMZ 
0AT£  07/21/69 
POLARIZATION  V 


ZENITH 

brightness 

ANCLE 

TEMPERATURE 

6MISSIVITV 

(DEG,  ) 

( DEG , K  ) 

96,76 

298.28 

0,99374 

98,46 

286,76 

0,91323 

100,16 

281,72 

0,89591 

101,80 

276,27 

0,87975 

103,61 

270.46 

0,86226 

105,35 

259,09 

0,82148 

107,10 

252.74 

0.79100 

100,88 

246,41 

0,75848 

110,67 

240,26 

0.72333 

112,40 

234,77 

0,68641 

114,32 

230,39 

0,64804 

116,10 

205,49 

0,53228 

110,07 

2C6.10 

0,54297 

120,00 

209,77 

0,56653 

121,97 

216,59 

0,60404 

123,97 

226,19 

0,65380 

126,03 

279,20 

0,90598 

TABLE  VI- Tl 


DERIVED  EMI SS I V I TY 

RUN  NO. 102  FRSQ  9.5GHZ 
DATE  07/21/69 
POLARIZATION  H 


ZENITH 

BRIGHTNESS 

ancle 

TEMPERATURE 

EM I SS I VI  TV 

(DEC.) 

(OEG.K) 

96.76 

114.00 

-0,85982 

98,46 

113.05 

-0,61240 

100,16 

104.18 

.0,46346 

101.88 

96,43 

.0,33855 

103,61 

89,94 

-0,26214 

103,35 

80,31 

-0,22251 

107.10 

75,09 

-0,17096 

108,88 

72,74 

•0,12526 

110,67 

71,08 

-0,08285 

112,48 

71.49 

-0,34010 

114,32 

74.52 

0,00594 

116,18 

57,02 

-0,34199 

118,07 

69,40 

0,02955 

120.00 

84.64 

0,11149 

121.97 

105.52 

0,20722 

123.97 

130,19 

0.31496 

126.03 

223.92 

0,68366 

TAB  LK  VI  -  i*r» 


DERIVED  EMISSIVITV 

RUN  NO i  1  FREQ  9.5GHZ 
DATE  07/25/69 
POLARIZATION  H 


ZENITH 

brightness 

angle 

TEMPERATURE 

FMISSIVITY 

(DEG.  ) 

(DEG.K) 

96.76 

109.75 

0,11312 

98,46 

126.65 

0,22498 

ion,  16 

138,16 

0,30572 

101,80 

153,16 

0,38222 

10^,61 

165,41 

0,43644 

105.35 

96.89 

0,14309 

107.10 

96.31 

0,13429 

ion, 80 

115.24 

0,21148 

110,67 

f'. 

• 

c*\ 

w-< 

0,29420 

112.48 

147.23 

0,35749 

114.32 

171,57 

0,46740 

116.18 

136.27 

0,32874 

118,07 

102,14 

0,19835 

120,00 

93,07 

0,17166 

121.97 

127,51 

0,31089 

123.97 

140,61 

0,36409 

126,03 

207,99 

0,63512 

TABIJ-:  VI  -% 


OER I VE 0  EMJSSIVITY 

RUM  NO.  2  FREQ  9.5GHZ 
date  07/25/69 
POLARIZATION  V 


zenith 

brightness 

angle 

TEMPERATURE 

EM!S$IVITY 

(OEG.) 

(DEG.K) 

96,76 

296,92 

0,98918 

98,46 

279,20 

O.9O5~0 

100,16 

276.50 

0,90163 

101,68 

276,14 

0,90273 

103.61 

267,29 

0,06670 

105.35 

260,00 

0,83603 

107,10 

245,70 

0.77359 

108.80 

237,62 

0.73440 

110,67 

236.79 

0,73200 

112.40 

232.44 

0,71379 

114.32 

227.18 

0,69129 

116.18 

196,79 

0,56040 

116,07 

190.25 

0,53186 

120,00 

186.39 

0,51442 

121.97 

176.91 

0,47061 

123,97 

175,24 

0,47344 

126.03 

208,46 

0,60404 

TAIU.h  VI -97 


DERIVED  fmissivity 

RUN  no,  33  FREO  9.3GWZ 
DATE  08/14/69 
POLAR  I ZATJ  HN  V 


ZENITH 

brightness 

angle 

temperature 

emjssivity 

(DEG,  ) 

( 0  E  G ,  K 1 

9*. 76 

297.57 

0,99082 

98,46 

3C3.54 

1,02568 

100,16 

301,08 

1,01066 

101.88 

294,22 

0,97643 

103,61 

287,81 

0.94597 

105,35 

256,32 

0.79514 

107,10 

257.00 

0,79741 

108,88 

258,45 

0,80170 

110,67 

252,74 

0,77512 

112,48 

249,46 

0.76145 

114,32 

235,18 

0,69389 

116,18 

217.41 

0,61017 

118,07 

207,69 

0,56665 

120.00 

210.64 

0,58188 

121.97 

200,32 

0,53783 

123.97 

198,71 

0,53560 

126,03 

233,24 

0,69944 

tabu:  VI -y* 


VI- 


derjveo  emjssivity 


RUN  Nu,  34  FRF Q 
DATE  OP/14/69 

polarization  h 


9.5CHZ 


zenith 
anglf 
(DEC.) 
96,76 
90,46 
100,16 
101,88 
103,61 
105,35 
107,10 
108*88 
110,67 
112,40 
114,32 
u  &  *  i  e 
118,07 
120,00 

121.97 

123.97 
126,03 


brightness 

temperature 

(OEG.K) 

123.59 

118,82 

113.44 

106,61 

124.84 
130,5’’ 
122,87 
107,23 

90,56 

94,28 

101.84 
93,43 
r-  2 , 9 1 

105,83 

101,00 

114,05 

195,63 


emissivity 

•0.16341 
-0,09384 
-»0, 03333 
0,00163 
0.1350? 
0,19405 
0,1813? 
0,12895 
0,07666 
0,  i0877 
0,15394 
0, 12345 
0.13500 
0,19609 
0,18466 
D. 24^,2 
0.54157 


TABLE  VI- 99 


RPPRREMT  TBPERRTURE 
RU U  305R  DRTE  8/8/69  FREQ  16.5  GHZ 
ZENITH  STR3ILITY 
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fiPPRRENT  TEMPERRTURE 
RUN  312B  ORTE  8/12/63  FREQ  16»5  GHZ 
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SECTION  vn 


ANALYSIS  OF  RESULTS 


The  derived  sea  water  temperrtures  from  the  16.5  GHz  vertical  runs  were  ana¬ 
lyzed  to  determine  a  relationship  to  the  thermometric  temperature.  These  vertical 
run  temperatures  are  plotted  in  Figures  VI-78  through  VI-96.  The  nominal  average 
thermometric  temperature  during  the  period  of  these  measurements  was  about  289°K. 
The  299°K  crossing  on  the  curves  occurs  at  zenith  angles  varying  from  a  low  of  102.  9° 
to  a  high  of  113.  5°  with  an  average  zenith  angle  of  1C8.  9°. 

If  the  temperatures  at  a  zenith  angle  of  108.  9°  are  tabulated  from  all  of  the  curves, 
the  average  of  the  tabulation  is  299.  0°K  with  a  standard  deviation  of  5. 19p.  The 
deviation  is  caused  primarily  by  two  runs,  Run  5  which  was  the  first  16.  5  GHz  run 
made  and  Run  21.  If  these  two  runs  were  eliminated  from  the  tabulation  the  average 
temperature  would  be  299.  03°K  with  a  standard  deviation  of  2.  5°.  The  values 
observed  are  considered  within  the  stability  a^d  overall  accuracy  limitations  of  the 
equipment  that  was  used. 

The  actual  value  of  the  invariant  angle  may  be  different  than  the  angle  indicated 
by  this  relatively  small  amount  of  data.  The  important  point  is  that  correlation 
with  the  thermometric  temperature  does  exist  within  the  accuracy  of  the  test  set-up. 

In  order  to  provide  a  check  on  similar  data  an  examination  was  made  of  some 
measurements  taken  in  1966.  These  were  sponsored  by  JPL  (Ref  5)  and  were 
taken  from  a  west  coast  location.  The  data  from  two  runs,  where  the  thermometric 
temperature  was  288°  and  292°K,  was  extracted  and  processed  through  the  iterative 
computer  program  ROCK  3.  The  derived  water  temperature  was  288  ak  a  zenith 
angle  of  110.  7°  for  the  first  run  and  was  292°  at  a  zenith  angle  of  121.  9°  for  the 
second  run. 

The  temperature  derived  from  the  horizontal  nuns,  the  derived  emissivity  from 
the  horizontal  runs  anu  me  slope  of  the  curves  of  temperature  as  derived  from  the 
vertical  runs  have  been  examined  for  correlation  with  sea  state.  To  aid  in  this 
examination  a  table  has  been  made  w  .  h  lists  the  runs  in  general  order  of  the 
roughness  of  the  sea.  This  data  is  shown  m  Tablo  VH-1.  No  distinct  correlation 
with  sea  state  has  been  found  The  large  variaii  es  in  apparent  sea  water  tempera¬ 
ture  for  Die  horizontally  polarized  runs  near  the  horini  are  caused  by  the  presence 


VII- 1 


of  clouds  on  or  near  tiie  horizon.  The  curves  with  the  largest  dips  coincide  with 
the  days  when  there  were  a  large  amount  of  dark  rain  bearing  clouds  on  the  hc.izon. 
The  distortion  of  the  derived  water  temperature  curves  is  due  primarily  to  the  lack 
of  fine  profile  data  on  these  clouds  just  above  the  horizon. 

The  horizontal  derived  emissivity  curves  (Figures  Vl-127  thru  VI-141)  are  sig¬ 
nificantly  different  than  ..he  theoretical  emissivity  curve  (Figure  III  1).  These 
curves  should  have  the  greatest  sensitivity  to  changes  in  sea  state.  No  direct 
correlation  with  sea  state  has  been  noted  with  these  curves.  Sea  state  correlation 
may  have  been  better  if  equipment  with  higher  sensitivity  had  been  used  or  if  the 
geometry  of  the  site  had  permitted  a  wider  range  of  viewing  angles.  The  relatively 
constant  deviation  from  specular  emissivity  of  these  curves  i6  unexplained. 
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TABLE  VII-1 


RUNS  IN  ORDER  OF  DECREASING  SEA  STATE 


Run 

Date 

Time 

Comment 

9 

10 

8/1 

8/1 

1610 

1637 

Sea  white  caps, 
Sea  white  caps, 

good  3  ft  swell, 
good  3  ft  swell, 

1-2  ft  chop 
1-2  ft  chop 

11 

8/5 

1555 

3  ft  swell,  slight  wind  ripple 

12 

8/5 

1628 

2-3  ft  swell,  1-2  inch  wind  ripple 

206 

8/5 

1649 

2-3  ft  swell,  1-2  inch  wind  ripple 

27 

8/12 

1621 

2-3.5  ft  swell  NW,  wind  NE  10-15,  4-8  inch  chop 

311 

8/12 

1432 

Approx.  3  ft  swell 

26 

8/12 

1313 

2-3  ft  swell  from  NW,  8-12  inch  wind  ripple 

25 

8/12 

1225 

2-3  ft  swell  from  NW,  6-12  inch  wind  ripple 

28 

8/12 

1655 

2-3  ft  swell,  4-8  inch  chop 

302 

8/8 

0955 

1.5-2  ft  swell,  rough  12-18  inch  chop 

303 

8/8 

1332 

1.5  ft  swell,  12-18  inch  chop,  quite  rough,  very 
few  white  caps 

23 

8/8 

1455 

Same  as  run  303 

24 

8/8 

1531 

Same  as  run  303 

304 

8/8 

1605 

Same  as  run  24 

305 

8/8 

1638 

Choppy  sea  2  ft 

14 

8/6 

1550 

2-3  ft  waves 

13 

8/6 

1309 

1-2  ft  swell,  8-12  inch  wind  chop 

29 

8/12 

1845 

1.5-2  ft  swell,  6-8  inch  chop 

21 

8/8 

1132 

1-1.5  ft  sea  r  sea  probably  rougher  than  indicated 
1-1.5  ft  sea  ^  since  all  8/ 8  rougher 

22 

8/8 

1240 

313 

8/13 

0930 

1-2  ft  swell 

31 

8/13 

HUS 

1-2  ft  swell,  15-20  ft  period,  4-8  inch  chop, 
wind  N  5-10 

32 

8/13 

1115 

1-2  ft  swell 

301 

8/1 

1532 

1-1.5  ft  swell  and  chop 

30 

8/12 

1915 

1-1.5  ft  swell,  6-S  inch  chop 

I 


r 


\ 


TABLE  YU-1  (Cent.) 


Run 

Date 

Time 

Comment 

312 

8/12  • 

1945 

1-1.5  ft  swell,  6-8  inch  chop 

307 

8/11 

1400 

2  ft  swell,  period  15-20  ft,  gentle  but  distinct  chop, 
some  white  caps 

306 

8/11 

1222 

Swell  from  NW,  slight  chop,  wind  NW  5-10 

308 

8/11 

1617 

Similar  to  Run  306 

309 

8/11 

1657 

Water  much  calmer  than  Run  306 

17 

8/7 

1655 

1  ft  swell,  6-8  inch  wind  chop,  wind  S  5-10 

18 

8/7 

1729 

1  ft  swell,  6-8  inch  wind  chop,  wind  S  5-10 

19 

8/7 

1915 

1  ft  swell,  6-8  inch  wind  chop,  wind  S  5-10,  10  ft  pe 

20 

8/7 

1949 

Wind  SE  10-15 

15 

8/7 

1216 

Approx.  1  ft  swell,  long  period  20  ft,  3-4  inch  wind 
chop,  WNW  1-2  mph 

16 

8/7 

1255 

Same  as  15 

201 

7/17 

1750 

Se  approx.  1  ft  (interpretation  from  pictures) 

5 

8/1 

1132 

Less  than  1  ft  swell,  slight  chop 

6 

8/1 

1206 

Less  than  1  ft  swell,  slight  chop 

310 

8/11 

1755 

Wind  died  down,  water  quite  calm 

101 

7/21 

1445 

Vent  bldg  log,  sea  calm,  wind  NE  10-15 

102 

7/21 

1510 

Vent  bldg  log,  sea  calm,  v/ind  NE  10-15 

1 

7/25 

1248 

Sea  calm,  slight  swell 

2 

7/25 

1345 

Same  as  1 

33 

8/14 

1010 

Sea  calm,  perceptible  swell,  very  small  wind  ripple 

34 

8/14 

1047 

Sea  calm,  slight  wind  ripple  6  inch  slow  swell 

35 

8/14 

1325 

Sea  calm 

36 

8/14 

1415 

Sea  calm,  slight  swell  with  wind  ripple 

7 

8/1 

1347 

Slight  swell  3-6  inches,  no  chop,  glassy  surface 

3 

8/1 

1417 

Slight  swell  3-6  inches,  no  chop,  glassy  surface 

202 

7/22 

1400 

No  rea  information 

203 

7/22 

1815 

No  sea  information 

204 

7/22 

1831 

No  sea  information 

i 

7/24 

2030 

No  sea  information 

< 
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SECTION  VIII 


CONCLUSIONS 


There  has  been  strong  evidence  presented  of  the  correlation  between  vertically 
polarized  radiometric  temperatures  and  the  thermometric  temperature  of  sea 
water.  The  particular  measurements  made  on  this  experiment  at  a  frequency  of 
16.5  GHz  suggest  a  sea  state  invariant  angle  of  about  110°  zenith  where  the  r.m.s. 
deviation  from  the  mean  radiometric  temperature  was  within  5°K  of  the  thermo¬ 
metric  temperature  of  the  sea  water.  The  stability,  sensitivity  and  calibration 
accuracy  of  the  radiometer  together  with  the  stability  of  the  environment  are  con¬ 
sidered  to  be  of  this  magnitude.  State-of-the-art  radiometric  equipment  with 
improved  stability  and  sensitivity  should  improve  this  resolution  by  a  factor  of 
five  or  ten. 


No  correlation  with  sea.  surface  roughness  (sea  state)  was  obtained  with  either 
the  vertical  or  horizontally  polarized  measurements.  This  may  be  caused  by 
insufficient  equipment  sensitivity  or  by  the  viewing  angle  restrictions  imposed  by 
the  site. 

The  horizontally  polarized  data  does  not  appear  to  have  a  direct  correlation  with 
sea  surface  thermometric  temperature.  This  negative  result  bears  importance 
in  those  systems  which  contemplate  using  horizontally  polarized  x'adiometric  measure¬ 
ments  for  determining  temperature.  Other  frequencies  or  viewing  angles  may 
provide  a  degree  of  correlation,  but  based  on  the  inference  here  this  should  be 
validated  by  other  tests  before  implementation. 


The  applicability  of  radiometric  measurements  by  an  aircraft  or  satellite, 
particularly  in  the  area  of  surface  temperature  measurement  is  feasible.  The 
viewing  angle  implied  by  this  experiment  would  not  be  optimum  for  a  spacecraft 
but  other  frequencies  may  provide  other  optimum  viewing  angles. 
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SECTION  IX 


RECOMMENDATIONS 


Based  on  the  data  and  its  analysis  the  following  recommendations  are  made  Im¬ 
possible  future  work: 

1. )  A  theoretical  investigation  should  be  made,  using  a  relatively  sophisticated 

model  of  the  sea  surface,  to  determine  the  interrelationship  of  frequency, 
viewing  angle,  sea  state  and  polarization.  This  should  result  in  a  theore¬ 
tical  description  of  the  dependancy  of  a  sea  state  invariant  angle  on  frequency. 

2. )  Field  tests  at  frequencies  other  than  16.5  GHz  should  be  conducted  to  verify 

the  theory  developed  in  the  above. 

3. )  Representative  field  test  data  should  be  obtained  over  a  full  range  of  viewing 

angles.  This  will  require  a  site  where  angles  close  to  nadir  can  be  observed. 

4. )  The  effects  of  pollutants,  froth  and  water  contaminants  should  be  theoretically 

analyzed  and  subsequently  introduced  in  field  experiments  under  controlled 
conditions. 

5.  )  The  equipment  sensitivity  for  radiometric  measurements  of  the  sea  surface 

should  be  the  best  the  state-of-the-art  offers.  Sensitivities  of  0.3°K  for  a 
0.1  second  integration  time  should  be  attainable  up  to  frequencies  of  30  to 
35  GHz,  and  0.5°K  should  be  attainable  up  to  60  GHz.  Integration  times  as 
small  as  practical  should  be  used  for  the  critical  data  measurements. 

Longer  integration  times  for  smoothing  may  be  introduced  by  computer 
processing  during  the  data  reduction. 

6. )  The  final  recommendation  is  general  in  nature,  but  most  important  for  any 

field  tests.  Adequate  auxiliary  instrumentation  must  be  a  prime  requisite  for 
any  program.  This  is  necessary  to  enable  complete  and  proper  interpre¬ 
tation  of  prime  radiometric  data.  The  water  thermometric  temperature 
measuring  system  must  be  well  designed.  It  must  be  sturdy  to  withstand 
rough  seas  yet  light  enough  to  float  on  the  surface  of  Ihe  water.  The 
temperature  sensors  must  be  waierproof.  The  system  used  in  this  experi¬ 
ment  was  good,  but  water  leakage  was  a  problem  in  some  of  the  thermistor 
probes. 
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APPENDIX  A 


THEORETICAL  EMISSIVITY  OF  SPECULAR  SEA  WATER 


Applying  Kirchoff' s  law,  the  emissivity  of  a  specular  surface  can  be  derived 
from  the  reflectivity 

e  =1-  p  (1) 

The  reflectivity  for  horizontally  polarized  waves  is  given  by  the  Fresnel  formula: 

p  =  r  cos6  -  eV^cosfl  ■>  2 
h  ^  cost p  +  e1/2  cos 0  ' 

and  likewise  for  a  vertically  polarized  wave: 

r  ecos(p  -  e^cos,?  -|2 
v  ecos 0  +  e1/^  cos 6  J 

where  (p  =  incidence  angle 

6  =  angle  of  transmitted  beam  with  respect  to  normal 


(3) 


e  -  e 


je"  =  complex  dielectric  permittivity 


Using  Snell’ s  law: 


e^sin  6  =  sincp 


(4) 


Introducing  the  polar  form  for  the  complex  number 

ecos20  =  e  -  sin2(p  =  re  ^ 

The  polar  quantities  can  be  calculated  explicitly  as  follows: 


r 

7 


[(e*  -  sin2^)2  +  (e")2  ] 


1/2 


=  tan"1 


e  -  si n‘(p 


] 


(5) 


(G) 

(7) 
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APPENDIX  B 


DIELECTRIC  PERMITTIVITY  OF  SEA  WATER 


Hasted  (Ref  3)  and  Von  Hippel  (Ref  4)  have  reviewed  the  dielectric  properties 
of  pure  water.  According  to  the  latter,  it  is  accurate  to  consider  only  the  dipole 
relaxation  through  the  microwave  region,  thus  only  bipolar  absorption  will  be 
considered.  A  single  relaxation  time  is  considered  sufficient  to  explain  the  water 
absorption  spectrum.  This  time  is  sufficiently  short  to  place  the  relaxation 
dispersion  region  of  liquid  water  in  the  microwave  region.  The  Debye  formula 
then  gives  the  frequency  dependency  of  the  dielectric  permittivity: 


where 


since 


e'  = 


+  eo 


1  +  (iA„)2 


1  +  (VX  g)2 


+  ° 
cueQ 


(1) 

(2) 


e'  =  real  component  of  dielectric  permittiviiy 

e"  =  imaginary  component  of  dielectric  permittivity 

v  =  wave  number  (cm-1) 

Ag  =  relaxation  wavelength  (cm) 

eQ  =  static  permittivity 

high  frequency  limit  of  permittivity 

O  =  conductivity  (mhos/metcr) 

c  =  velocity  of  light  (cm/ seconds) 

10 

rmitlivitv  of  vacuum  =  r— — 

3G7T 


p  1 


where 


to  =  2nl 

T  =  relaxation  time  (seconds) 

we  can  simplify  equation  (1)  and  (2)  as  follows: 

e'  =  e_  +  eo  "  e« 

TTfojrj* 

e"  =  <^(e0  ~  eoc  )  +  _o _ 

1  +  (u>r)2  o*0 

e  T,  and  a  can  be  approximated  as  the  product  of  two  second  order  polynominals 
of  the  form: 

x  =  (b2S2  +  bjS  +  b0)  (c2T2  +  CjT  +  cQ) 
or 

x  =  a0  +  a1T  +  a2S  +  a3T2  +  a4S2  +  a5TS  +  a6T2S  +  a7TS2  +  agT2S2  (3) 

where  S  =  Salinity  (Parts  per  1000) 

T  =  Temperature 
a,  b  and  c  are  constants 
x  =  eQ>  T  or  a 

Table  1  tabulates  the  coefficients  for  the  variables  of  the  expanded  equation  based 
on  (3)  above. 
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APPENDIX  C 


SEA  WATER  TEMPERATURE  DERIVATION  METHODS 


There  have  been  several  methods  proposed  for  radiometric  sensing  of  the  sea 
water  temperature  and  conversion  of  this  radiometric  temperature  to  actual  tempera¬ 
ture.  Several  of  these  methods  will  be  outlined  in  the  following  sections. 


A.  Ratio  Method 

The  brightness  temperature  has  been  defined  in  Section  HI  in  terms  of  a  basic 
radiometric  formula.  This  formula  is  repeated  here  for  reference. 


Tb  <p  €0Tw  +  ^  e(p^s6 


(1) 


where  Tg  =  sky  temperature 

€  =  emissivity 

<P  =  observation  angle 
6  -  180  -  <p 


The  horizontally  and  vertically  polarized  brightness  temperatures  as  defined  by 
equation  (C-l)  can  be  expressed  as  a  ratio: 


Tbh  - 

fhO  Tv  + 

€hd> ) 

Tbv 

Tw  +  ( 1 

€vO  )Ts0 

-  1)  *  1 

Tbv 

- — - 

-  1»  +  1 

Tsc? 

(2) 


(3) 


This  expression  involves  four  unknowns,  namely  ,  T,v  and  T  ..  .  and  can  be 

simplified  to  two  unknowns  by  introducing  a  factor  k  in  the  equation  as  follows: 


Thh  ::  chQk  1  1 
Tvh  (  vd>k  '  1 


(4) 
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in  which, 


k=[—  -1] 
TS0 


In  appendix  A,  the  formulas  for  £y  and  are  developed,  these  are  expressed  as: 

(5) 

(6) 


£  =  4acos6 

"  (eos6  +  a)2  +  b2 


£  =  4(ac‘  -t-  be"  )cosd) 

v  (e*  cos <p  +  a)2  +  (e"cos0  +  b)2 


Both  parameters  "a"  and  "b"  are  functions  of  permittivity  and  incidence  angle. 
In  practice  both  "a"  and  "b"  will  vary  from  their  theoretical  values  for  a  specular 
surface.  The  vilue  of  "b"  has  less  of  a  variation  from  theoretical,  therefore  we 
set  values  of  e: ,  e"  and  b  based  on  an  assumed  initial  value  of  sea  water  tempera¬ 
ture.  Substituting  (5)  and  (6)  in  equation  (4)  we  can  now  solve  for  "a".  Using  this 
derived  value  of  "a"  which  carries  information  on  the  actual  temperature  of  the 
water,  we  calculate  €y.  The  true  sea  water  temperature  can  now  be  derived  from  the 
relation: 


Tw  _  *^bv  ~  ~  €y(t>^s6 

CV0 

The  vertical  component  of  emissivitv,  £  ,  varies  with  frequency,  angle  6  and 
temperature  T.  The  frequency  is  known  and  the  angle  is  known  for  a  calm  sea  and 
can  be  approximated  for  a  rough  sea.  We  are  attempting  to  derive  the  temperature 
T.  In  using  the  ration  T^/T^,  to  obtain  the  parameter  "a’’,  and  hence  £y,  we  are 
in  some  way  trying  to  correlate  T  and  £y.  The  assumption  is  that  different  T  values 
will  lead  to  specific  ratio  values,  hence  to  "a"  and  finally  to  a  unique  4  .  In  order 
for  this  sequence  to  be  meaningful  we  must  first  have  some  sensitivity  in  the  ratio 
Tbh  /Tbv  to  changes  in  T.  We  can  examine  this  point  by  considering  the  right-hand 
side  of  equation  (4). 


we  have  R  =  ^hh  _  k^  I 

*bv  ks-v  *  1 

where  k  =  [  — -  1 } 

In  this  method,  the  temperature  dependence  of  the  ratio  Tj,jv-  T1)V  is  in  €y  and  C), 
which  in  turn  retires  t  U  mpe nature  dependence  through  e1  and  e  .  Parameter  k 
is  usually  s^  l  to  a  value  representing  an  initial  assumption  for  T  and  I'sy, .  This 
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procedure  is  based  on  the  correct  assumption  that  a  poor  choice  in  k  has  small 
consequence  on  derived  emissivity.  Specifically,  for  k  ranging  from  15  0  to  40.  0, 
the  resulting  calculated  £  changes  by  about  0.  01. 

A  computer  program  has  been  employed  to  calculate  the  theoretical  values  of  £y, 
and  the  ratio  T^j/T^y  (in  which  k  =  40  corresponding  to  a  temperature  T  of  280.  0 
degrees  Kelvin  and  a  Tg(^  of  7.  0  degrees  Kelvin)  for  angles  (p  varying  from  zero  to 
70  degrees,  and  for  sets  of  e'  and  e"  representing  ocean  salinity  of  30  parts/thou¬ 
sand,  and  a  temperature  range  of  zero  to  30°C.  Assuming  that  these  theoretical 
values  are  representative  of  the  actual  emissivities  and  the  ratio  Tb^/T^y,  it  is 
possible  to  make  a  number  of  interesting  observations: 

1.  ey  and  £^  vary  very  slightly  with  temperature.  At  <b  =  60  degrees,  we  have 
the  values  listed  below: 


TABLE  C-l 


T 

eh 

R 

o°c 

.6233 

.2159 

.3716 

10 

.6151 

.2115 

.3695 

20 

.6132 

.2101 

.3689 

30 

.6159 

.2117 

.3693 

From  the  above,  we  can  see  that,  over  a  10°C  interval  (i.e.  10°  •  20°)  £y  changes 
by  .  0019,  or  about  .  0002/°C.  Also,  ev  and  seem  to  exhibit  a  minimum  near 
T  =  20°C  and  therefore  T  is  a  double -valued  function  of  £.  In  effect,  in  trying 
to  obtain  a  value  for  ev,  useable  in  equation  (1),  we  are  trying  to  guess  in  a  very- 
narrow  range  -  this  guess  has  a  built-in  ambiguity  in  that  there  are  two  tempera¬ 
tures  for  each  value  of  £v,  i.e. ,  we  must  somehow  know  ^n  whicn  side  of  the 
minimum  our  temperature  is  located.  This  can  be  difficult  since  the  minimum  is 
at  a  commonly  encountered  temperature. 

2.  We  have  noted  the  difficulty  involved  in  obtaining  a  value  oi  £  corresponding 
to  a  specific  T.  We  will  now  examine  the  method  used  for  obtaining  £  .  Table  C-l 
also  lists  corresponding  values  of  the  ratio  'T^v  -  these  are  theoretical  values 
and  represent  the  manner  in  which  we  would  expect  that  ratio  to  vary,  if  we  vary 
the  temperature  ot  the  sea  surface.  Three  observations  can  be  made  at  this  point: 

i)  The  variation  with  temperature  is  slight,  i.e.  ,  over  ?.  10°C  range  we  have 
a  change  >.i  the  ratio  of  .0000,  or  about  .  00000/'C.  This  number  is  liter¬ 
ally  swamped  by  the  temperature  sensitivity  of  the  radiometer  used  in  the 
measurements. 
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ii)  T  is  a  double-valued  function  of  R.  Again,  the  minimum  is  near  20°C  and 
we,  therefore,  have  a  difficult  time  knowing  which  T  corresponds  to  a 
given  R. 

xii)  has  a  higher  theoretical  dependency  on  sea  slate.  Thus,  any  variation 
in  T^jj,  due  to  sea  state,  will  affect  the  ratio  T^^/Tvh  and  will  in  turn 
influence  the  final  water  temperature  calculation. 

The  above  numbers  and  nsuing  discussion  are  based  on  data  for  9.  5  GHz  (even 
though  data  for  e'  and  e”  is  actually  for  9,  3  GHz,  which  is  sufficiently  close 
for  our  purposes)  and  an  incidence  angle,  (j> ,  of  60  degrees.  The  nature  of  the 
data  is  similar  at  other  values  of  <p  .  For  reference  purposes,  similar  tables 
are  presented  below  for  <$>  =  40  and  20  degrees. 


Table  C-2  <£>  =  40° 


T 

V 

H 

R 

0°C 

.4699 

.  3110 

.6790 

10 

,4620 

.3051 

.6777 

20 

.4600 

.3035 

.6778 

Table  C-3 

<P 

*  20° 

T 

V 

H 

R 

0°C 

.4038 

.3667 

.9134 

10 

.3966 

.3600 

.9131 

20 

.3947 

.3582 

.9130 

30 

.3968 

.3601 

.9131 

4.  Conclusions 

The  analysis  presented  in  the  proceeding  sections  argues  against  the  meaning- 
fulness  of  using  the  method  originally  proposed  for  obtaining  e.  The  problem 
revolves  primarily  about  the  fact  that  ey  and  vary  very  slightly  over  the  tempera¬ 
ture  of  interest  for  sea  water,  with  the  resulting  effect  that  the  ratio  T^/T^y  contains 
very  little  retrievable  information  with  regard  to  temperature.  What  it  does  contain 
is,  in  part,  indicated  by  a  plot  of  the  ratio  versus  <j> .  The  plot  shown  in  Figure  C-l 
is  based  on  a  theoretical  expression  for  the  ratio,  at  a  fixed  value  of  k.  We  find  in 
Figure  C-l  that,  for  <f>  between  25  and  75  degrees,  the  relationship  between  R  and  ( p 
follows  an  approximate  straight  line,  with  a  slope  of  62.  5  degrees  per  unit  change  in 
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the  ratio  T^/T^y.  A  6.25  change  in  0  will  cause  a  0. 1  change  in  the  ratio.  We 
note  that  a  0. 1  change  in  the  ratio  is  actually  quite  large;  it  represents,  roughly, 
a  25°K  change  in  the  final  derived  value  of  T,  when  everything  else  is  held  constant. 
Thus,  the  angular  dependence  completely  overshadows  the  slight  temperature 
dependence. 

A  rough  sea  results  in  brightness  temperature  samples  over  a  cone  of  angles 
around  the  antenna  beam  nadir  angle  at  which  it  is  viewed,  and  hence,  is  expected 
to  affect  the  ratio  T^/T^y  quite  markedly. 

It  appears  that  this  method  amounts  to  nothing  less  than  the  derivation  of  an 
£  which  reflects  such  information  as  the  angle  of  observation  (which  is  known  in 
any  case)  and  errors  in  measured  which  we  would  like  to  avoid. 


B.  Low  cp  Analysis 

At  low  values  of  incidence  angles  the  values  of  and  ey  vary  less  as  a  function 
of  angle  than  at  high  incidence  angles.  This  is  readily  apparent  if  one  refers  to 
Figure  III-?..  Using  the  equations  developed  in  Appendix  A,  we  can  express  ev  and 
as  a  function  of  temperature  Tw,  hence  we  have  T^  and  TjjV  as  functions  of  Tv/. 

From  equation  (1)  we  have: 

Tbv  =  CvTw  -  ev>Ts  <7> 

rearranging  terms 

Tbv  =  ev<Tw  -  Ts)  +  Tg  (8) 

substituting  the  expression,  from  Appendix  A,  for  £y 

Y  _  4cos (j)  (ae'  +be,t) _ _  (T  _  x  )  +  T 

bv  (e1  cos  (p  +a)2+  (e"cos  <p  +  b)2  w  s  s  (9) 

and  similarly  Thh  =  iS£2gjfe— - _ -  (T  -  T  )  +  T 

bh  (cos <f>  4  a2)  +  b2  w  s  8  (10) 

Assuming  that  the  right  hand  side  of  equations  (9)  and  (10)  are  exact  expressions  of 
the  measured  brightness  temperature  T^,  we  can  then  reduce  our  problem  to  that 
of  determining  what  value  of  Tw  will  give  the  data  value  T^. 

Two  difficulties  in  this  approach  are: 

1.  The  theoretical  expression  for  T]3y,(or  T^)  does  not  in  fact  correspond  to 
data  T^y  in  a  sufficiently  sensitive  fashion. 
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2.  T^v  (or  T^)  is  not  sufficiently  sensitive  to  Tw< 

The  essential  point  in  tliis  method  is  the  manner  in  which  we  obtain  a  value  for 
ev.  The  value  of  e  should  be  determined  over  a  range  of  incidence  angles  where 
the  effects  of  sea  state  are  minimized.  As  the  sea  surface  roughens,  the  effective 
angle  over  which  the  radiometer  is  viewing  the  water  surface  is  a  weighted  sampling 
of  a  cone  whose  gxis  lies  on  the  nominally  defined  incidence  angle.  Therefore,  for 
a  sea  surface  which  is  not  flat,  we  should  really  apply  equation  (9)  or  (10)  not  at 
one  angle  (p ,  but  should  average  over  a  cone  of  angles  appropriately  weighted  to 
consider  wave  height  and  period,  and  the  duration  of  the  measurement.  If  however, 
€y  and  Ts  varied  only  slightly  over  the  cone,  as  they  do  for  low  incidence  angles, 
equations  (9)  and  (10)  would  be  accurate  to  within  that  slight  variation.  The  range  of 
incidence  angles  that  might  be  considered  in  this  method  would  range  from  0°  to  40 
or  50°  corresponding  to  zenith  angles  from  130°  or  140°  to  180°. 

The  underlying  restriction  on  this  method  with  regard  to  tliis  particular  field 
experiment  is  the  observation  angles  required  for  implementation.  Site  restric¬ 
tions  confined  the  water  observation  to  zenith  angles  from  90°  to  about  130°. 


C.  Invariant  Angle  Analysis 

If  one  assumes  that  there  is  a  range  of  zenith  angles  over  which  the  radiometric 
temperature  is  invariant  with  sea  state,  then  the  specular  equation  for  brightness 
temperature  would  be  most  nearly  correct  at  these  angles.  The  brightness  tempera¬ 
ture  has  previously  been  expressed  as  a  function  of  temperature  in  equation  (9).  That 
equation  is  repeated  here  for  reference. 

T  =  4cos0  (ae1  +be") _ (T  -  T  )  +  T 

(e'  cos 4>  +  a)2  +  (e"cos0  +  b)2  w  S  S  (9) 

There  will  be  a  unique  value  of  sea  water  temperature  that  satisfies  the  measured 
values  of  ^bv  and  Tg.  Tliis  unique  value  will  be  equal  to  the  thermometric  tempera¬ 
ture  of  the  water  at  an  invariant  angle.  At  angles  other  than  invariant  the  derived 
value  of  water  temperature  will  depart  from  the  thermomctric  value.  It  would 
further  be  deduced  that  the  deviation  from  the  thermometric  temperature  (i.e.  the 
slope  of  the  derived  water  temperature)  would  be  dependent  upon  sea  state.  The 
deriviation  of  water  temperature  from  equation  (9)  is  accomplished  by  iteration 
using  a  computer.  An  initial  value  of  Tw  is  assumed  and  a,  b.  e'  and  c"  are 
computed  for  this  temperature  using  the  equations  developed  in  Appendix  A  and  B. 
Equation  (9)  is  then  used  to  calculate  the  value  of  T|)V.  This  calculated  value  is 
then  compared  to  the  measured  value  of  T^.  If  the  two  are  not  in  agreement  to 
within  ±  1°,  the  value  of  Tw  is  adjusted  to  a  new  value  based  on  the  following 
formula: 


Tw  —  Tw  .  , 
Wnew  wolo 


f  Tbv  -  (1  -  e)Ts 


2 


This  iteration  is  repeated  until  agreement  in  the  calculated  and  measured  values  of 
T^y  is  reached.  This  was  the  method  used  in  reducing  the  vertically  polarized 
measurements  in  this  program. 


1 


f 

% 


1 

1 
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APPENDIX  D 


ANTENNA  PATTERN  CORRECTION 


A.  Geometry 

The  gain  patterns  of  microwave  and  millimeter-wave  antennas  is  simply  the 
manifestation  of  diffraction  of  electromagnetic  waves  by  a  finite  aperture.  Most  of 
the  power  received  by  the  antenna  is  contained  in  the  main  lobe  of  the  diffraction 
pattern.  The  remaining  power  is  received  via  the  side  and  back  lobes. 

If  one  were  investigating  astronomical  radio  sources  of  very  small  angular 
extent,  it  would  be  important  to  remove  the  effect  of  the  main  lobe  "pattern". 
However,  for  extended  sources,  such  as  the  atmosphere  or  sea  surface,  the 
brightness  temperature  variation  within  the  main  lobe  half-width  is  not  sufficient 
to  necessitate  the  removal  of  the  main  lobe  effects.  The  following  discussion  will 
concentrate  on  the  correction  for  side  and  back  lobe  effects. 

The  geometry  of  the  situation  is  indicated  in  Figure  (D-l).  Environmental 
temperatures  are  given  in  the  ($,  j>,  %  coordinate  system  where  the  unit  vector 
£  is  oriented  in  the  zenith  direction.  The  antenna  axis  is  inclined  at  angle  Ba 
to  the  zenith  and  defines  the  unit  vector  .  If  the  direction  is  chosen  to 
coincide  with  the  £  direction,  the  set  (£'  y'  )  defines  Cartesian  coordinates 
in  the  antenna-centered  frame. 

Polar  angles  in  either  frame  are  defined  with  respect  to  the  z  axes,  while 
azimuthal  angles  are  defined  with  respect  to  the  x  axes.  Figure  D-2  shows  the 
angular  coordinates  of  a  pencil  beam  in  both  environment  and  antenna-centered 
frames. 


B.  Analytical  Approach 


The  apparent  (measured)  temperature  seen  by  an  antenna  oriented  at  a  zenith 
angle  0  0  is  given  by 

f  Th(0 , 0)  g (O'  ,6' )  djr 


Ta  (d 


a  o* 


yw  ,0*  )dfi' 


(D-l) 


n-i 


where 


Tjj  (0  ,<p)  =  brightness  temperature  of  environment  at 
zenith  angle  6  and  azimuthal  angle  <p 

O'  =  polar  angle  of  environmental  point  in  antenna- 
centered  coordinates 

0*  =  azimuthal  angle  in  antenna-centered  coordinates 
g  =  antenna  gain  function  in  antenna-centered  system 
dJ2'  =  element  of  solid  angle  in  antenna  system 

If  one  assumes  the  environment  to  be  azimuthally  symmetric  (certainly  true 
for  clear  skies),  then  Tb  depends  on  0  only  and  equation  (D-l)  can  be  written 

IT 

Ta  (0o)  =  /  °)  Tb  (9  >  d  0  (D-2) 


where 


p,  -  6in  6  -  .»  _ 

,  (ft)  sin  O'  d 4>'  d O’ 


(D-3) 


Equation  (D-2)  is  a  Fredholm  integral  equation  of  the  first  kind  with  kernal  k.  It 
can  be  solved  numerically  in  the  following  way. 


First,  one  introduces  a  quadrature  rule  to  change  the  integral  in  equation  (D-2) 
into  a  sum: 


Ta (0,)  =  kj  <0a)  Tb  (0}) 


(D-4) 


The  set  of  finite  angles  {(^)  may  be  chosen  to  be  equidistant  if  desired.  If  the 
antenna  temperature  T  is  also  measured  at  these  angles,  then  a  set  of  linear 
matrix  equations  results: 


<«i>  =  X  °ij  Tb  O’,} 


(D-5) 


where  G-j  is  a  m  x  m  matrix  derived  from  k. 

Since  T.t  and  Tj  are  very  close  in  magnitude,  it  is  convenient  to  calculate 
their  difference.  Equation  (D-5)  can  be  written 


T;lit,i)  -  Tb  <;V  i  H  <Gij"  5ij)Tb(0j 


where,  eF-  is  the  unit  matrix;  or  in  symbolic  matrix  nctabo  , 
Tb  =  Ta  '  <G  '  !>Tb 


(D-6) 


Equation  (D-6)  has  a  formal  solution  which  may  be  expressed  as  an  infinite  series; 


Tb  =  Ta  -  (G  -  I)Ta  +  (G  -  I) (G  -  I)Ta  - 


(D-7) 


In  equation  (D-6)  and  (D-7),  I  represents  the  unit  matrix. 

Truncation  of  the  series  in  Equation  (D-7)  is  equivalent  to  solving  the  following 
iterative  set 


Tb'  =  Ta  "  <G  -  T)Tt 

T  (o)  _  T 

Ab  “  la 


(D-8) 


Usually  only  one  or  two  iterations  are  necessary  in  order  to  achieve  a  satisfactory 
solution  to  equation  (D-5)  if  T  is  given  by  empirical  data. 

d 

An  obvious  method  to  calculate  G^  involves  using  aqurdrature  rule  based  on 
equidistant  intervals  in  0  .  This  approach  leads  to  the  form 

kj  (0O)  =  w ik(0c, 

where,  w^  is  an  appropriate  weight.  Because  of  the  highly  peaked  nature  of  k,  the 
important  sum  condition 


2  kj  (0O)  =  1 


does  not  hold  sufficiently  well  to  insure  the  accuracy  needed  for  solution  of  equation 
(D-G).  A  better  method  of  calculation  involves  writing  equation  (D-d)  as 


where 


Tn  (On) 


P (0, 0, 0) 


Tb  (0)  up (0,e0) 


k(P0,r)  dd 


(D-G) 


(D-l n) 


Then  the  tr.ipezodial  rule  maybe  applied  to  equation  (D-G),  yielding 


;Tb(‘k)  l/dfl’tdj..,  il)  -  PUq.,,  0:) 


(D-ll) 


Gjj  =  1/2  [P <«j,a.  Sjt-PWj.!.  fy] 


(D-ll) 


Next  it  is  necessary  to  indicate  the  method  of  computing  P.  Using  equation  (D-3) 
and  (D-10)  we  write, 

P<9,  9o)  =/n  (0-0  )  g (O'  ,<p'  )  <m'  / f  g(0'  ,<p'  )dft'  (D-13) 

where,  HfS)  is  the  Heaviside  unit  step  function.  The  solid  angle  integration  in  the 
numerator  of  equation  (D-13)  has  been  written  in  the  antenna -centered  system 
instead_of  the  zenith-centered  system.  One  may  interpret  equation  (D-13)  as  saying 
that  P (0,  d0)  is  the  fraction  of  the  received  power  entering  the  cone  with  half¬ 
angle  6  centered  on  the  zenith. 

Now  if  0O  =  0,  then  6=6',  and  equation  (D-13)  becomes 


O  ill 


P (0,  0)  =  •/  J  g(6'  )d<t>'  sing1  d O' 

j  (  '  g  (O'  ,<P'  )d  (£>'  sin  O'  d  O' 


(D-14) 


A  great  simplication  is  achieved  by  specializing  to  the  case  where  the  antenna  is 
azimuthally  symmetrical  i.e.  ,  there  is  no  gain  dependence  on  <p'  .  In  this  case, 
equation  (D-14)  becomes 


P(6,C)  -  JL 


■-"J  g(fl'  )  sinfl'  dt?' 
J~‘  g(0'  )  sine-'  dtf1 


(D-15) 


and  equation  (D-13)  can  be  written 


P(M’o)  = 


&  6(0,, 0,0' 


dP  (O'  ,0) 


(D-1G) 


where. 


A.  I' 

A<p(90,P,O')  -  J  H(d  -  0  )d  O' 

=  \'(0  0.0'  )  -  0.  O'  ) 


(D-17) 


Now  the  angles  <f>[  (0o,0,O')  represent  the  azimuthal  angles  corresponding  to 
the  intersections  of  two  cones:  the  first  cone  is  defined  in  the  antenna-centered 
frame  by  constant  polar  angle  C  ;  the  second  cone  is  defined  in  the  environment- 
centered  frame  by  constant  polar  angle  Q  .  In  order  to  determine  the  Analytic 
relations  for  <p ^  the  geometrical  configuration  of  Figure  D-2  can  be  used  to 
express  the  transformation  of  coordinates  between  antenna  and  environment-c  -ntereil 
frames: 


sinG1  cos <p’  =  sin 0  cos <p 

(D-18) 

sinG'  sin <p'  =  cos Ga  sinG  sin <p 

-  sinGa  cos£ 

(D-19) 

cos G'  =  sinGa  sinG  sin<^> 

+  cosGa  cos  9 

(D-20) 

The  angles  cp'  defined  by  fixed  values  of  0o,0  ,  and  O'  can  be  found  from 
equation  (D-18)  if  values  of  d>  arc  already  determined;  these  latter  must  be 
obtained  by  solving  equation  (D-20).  The  set  of  equations  (D-18),  (D-19),  and 
vD-10)  are  invariant  under  the  transformation 

(p  -*•  7.  -  (p,(p  tr  -  p>'  (D-2 1 ) 


hence,  the  two  solutions  in  equation  (D-17) 
(D-20)  as, 


sirup 


cos  O'  -  cos  ft,  cosg 
sinfl0  sinG 


are  related. 


By  rewriting  equation 


(D-22) 


one  can  see  that  it  has  two  solutions:  d2  and  <p  j  -  n  -  (p2.  Tire  final  result  is 
obtained  by  inserting  either  value  in  equation  (D-18)  in  the  form,  foi  example, 


<P  2  (  G0,  ) 


_t 

cos 


COs6; 


(D-23) 


The  other  branch  of  the  solution  is  given  by 

<p\  (G0,G  ,  O')  =  v  -  <S;  ,0'  ) 


(D-2-1) 


C.  Calculations 

Two  computer  programs  have  been  coded  to  perform  the  anUtrna  pattern  ?cnro\.tl 

The  Sirst  program  leas  the  task  of  calcu.atsng  tire  matrix  elements  Cr^  from  the 
equation  (D-12).  The  matrix 


l>-< 


M  C.  -  1 


is  the  output  on  punched  cards  or  magnetic  tape  for  use  with  the  second  program. 
In  the  course  of  calculation  the  condition 


is  tested. 


(D-26) 


The  second  program,  APCOR4,  has  the  task  of  solving  for  brightness  tempera- 
hares  by  the  iterative  method  presented  in  equation  (D-8).  It  accepts  the  matrix 
elements,  M,  and  performs  a  given  number  of  iterations  on  the  apparent  tempera¬ 
ture  data  which  are  obtained  at  the  specified  angular  mesh  (0j)  by  polynomial  inter¬ 
polation.  The  mesh  chosen  for  the  present  data  consisted  of  69  angles  defined  by 

cos0  =  -H-l 
n  34 

This  set  appeared  to  give  adequate  resolution  near  the  horizon,  while  keeping  the 
computer  time  to  a  reasonable  level.  For  the  9.5  GHz  data,  an  averaged  gain 
pattern  was  used  for  both  polarizations.  In  the  16.  5  GHz  band  separate  antenna 
patterns  were  employed  for  both  polarizations,  and  the  computer  performed  the 
azimuthal  averaging. 


Frcm  preliminary  calculations  it  was  concluded  that  satisfactory  antenna 
pattern  correction  may  be  obtained  with  one  iteration.  Therefore,  all  the  processed 
data  show  a  single  application  of  equation  (D-8). 
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APPENDIX  E 


DETERMINATION  OF  RADIOMETER  ABSOLUTE  CALIBRATION  AND 
SENSITIVITY,  AND  CONVERSION  OF  OUTPUT  RADIOMETRIC 
VOLTAGES  TO  APPARENT  TEMPERATURES 


This  appendix  describes  the  mathematical  expressions  used  to  calculate  the 
absolute  temperature  calibrations  and  sensitivities  of  the  radiometers  used  in  this 
experiment.  The  expressions  developed  for  this  purpose  are  based  on  the  nomen¬ 
clature  shown  in  Figure  EM.  An  expression  is  also  provided  for  conversion  of 
radiometer  output  voltages,  E„,  to  apparent  temperatures,  T„,  at  the  input  to  the 

a  £* 

antenna  feed. 

The  losses  of  all  microwave  components  and  waveguides  have  been  accurately 
measured,  with  the  exception  of  the  antenna  feed  losses.  Those  were  estimated 
on  the  basis  of  equivalent  waveguide  length  present  in  each  antenna  feed.  The  losses 
for  the  above  components  are  listed  in  Table  E-l.  As  indicated  in  Figure  E-l, 
all  the  radiometers  incorporate  a  basic  2-point  input  calibration  scheme  consisting 
of  two  waveguide  terminations  at  accurately  known  temperatures  and  a  mechanical 
waveguide  switch.  This  allows  the  use  of  a  2-point  calibration  or  the  use  of  a 
3-point  calibration  using  the  zenith  sky  temperature  as  the  third  calibration  point. 

The  measured  input-output  response  of  each  radiometer  is  linear  over  the 
dynamic  signal  range  (0-400  degrees  Kelvin).  Therefore,  within  this  range,  the 
scale  factor  used  in  radiometer  calibration  and  data  conversion  is  a  linear  function. 
Referring  to  the  response  curve  in  Figure  E-2,  the  scale  factor  (k)  for  a  two  point 
calibration  is  given  by, 

T  -  T 

k  =  .  Hi  _c2  t  degrees  Kelvin  per  volt  (1) 

Ecl  "  Ec2 

Similarly,  for  an  output  voltage  Ea, 

T  “  T 

k  =  _c2 - a_  >  degrees  Kelvin  per  volt  (2) 

ec2  “  Ea 


E-l 


FIGURE  E-l.  RADIOMETER  CALIBRATION  CIRCUITRY 


OUTPUT  VOLTAGE  E,  VOLTS 


FIGURE  E-2.  INPUT-OUTPUT  RESPONSE 

SHOWING  CAUL  RATION  POINTS 


where, 


Tcj  is  the  apparent  temperature  of  the  maximum  (Hot  Load)  calibration 
signal,  referred  to  the  antenna  feed  input,  degrees  K. 

Tc2  is  the  apparent  temperature  of  the  minimum  (Cold  Load)  calibration 
signal,  referred  to  the  antenna  feed  input,  degrees  K. 

Ta  is  the  apparent  temperature  of  the  material  under  observation,  at  the 
antenna  feed,  degrees  K. 

Ecl  is  the  radiometer  output  when  the  input  signal  is  Tci,  volts. 

EC2  is  the  radiometer  output  when  the  input  signal  is  TC2,  volts. 

Ea  is  the  radiometer  output  when  the  input  signal  is  Ta,  volts. 

The  scale  factor  k  for  a  three  point  calibration  is  determined  from  a  least 
squares  approximation  for  a  best  fit  straight  line,  and  is  given  by: 


Tz  +  Tcl  +  Ec2 


k  = 


TzEz  +  TclEcl  +  Tc2Ec2 
Ez  +  Ecl  +  ec2 


IT1  4-  4.  T? 

^z  ^ci  ^c2 


(Ez)2  +  (Ecl)2  +  (Ec2)2 
Ez  +  Ecl  +  Ec2 


(3) 


where, 


Tz  is  the  zenith  sky  temperature 

Ez  is  the  radiometer  output  when  the  input  signal  is  Tz,  volts 
and  the  other  parameters  are  as  previously  defined. 

The  radiometer  temperature  sensitivity  can  be  readily  calculated  from  knowledge 
of  Tcj  and  Tc2,  as  well  as  the  mean  values  of  Ecl  and  Ec2.  The  minimum  detectable 
temperature  sensitivity  of  a  radiometer  is  defined  as  the  root-mean-square  output 
signal  fluctuation  in  the  absence  of  an  input  signal.  This  definition  implies  that  the 
radiometer  input  is  terminated  in  its  characteristic  impedance  for  the  requisite 
output  reading.  Therefore,  in  the  radiometers  under  discussion,  the  input  should 
be  terminated  with  the  Cold  Calibration  Load  when  the  output  reading  is  taken. 

This  results  in  an  effective  null  input  signal  condition,  which  represents  maximum 
sensitivity  in  a  Dicke-type  radiometer. 

Based  on  the  above  definition,  die  rms  temperature  sensitivity  of  a  given 
radiometer  is  expressed  by, 


degrees  Kelvin  rms 


(4) 


E-5 


The  factor  "6"  is  used  to  convert  peak-to-peak  noise  voltages  to  rms  voltages,  in 
accordance  with  standard  practice.  Equation  (4)  maybe  expressed  in  terms  of 
known  quantities.  Thus, 


foci  -  Tc2) 

(Ec1-Ec2) 


,  degrees  K  rms 

mean 


(5) 


In  practice,  approximately  ten  (10)  printouts  are  taken  for  Ec^  and  Ec>  during  the 
sensitivity  check.  The  peak-to-peak  fluctuation  of  EC2  is  then  noted  for  use  in  the 
first  term  of  the  above  equation.  Following  this,  the  mean  values  of  Ecj  and  EC2 
are  determined.  With  values  of  T  ,  and  TC2  established  the  rms  temperature 
sensitivity  can  be  calculated. 


A  microwave  signal  with  an  apparent  temperature  T  ,  is  affected  by  transmission 

a 

through  a  lossy  medium,  such  as  a  waveguide  component,  in  accordance  with 
equation  (6). 


degrees  K 


(6) 


Tout  =  To  +  <Ta  -  To>  T  •  deerees  K  (7) 

As  indicated  in  Table  E-l,  the  losses  of  WGS2  and  WGS1,  from  the  Cold  Load  and 
Hot  Load  to  the  input  of  the  ferrite  switch,  were  measured  in  combination.  This 
combined  loss  will  be  indicated  in  the  equations  to  follow  by  the  symbols  Lsl  2a 
for  the  Cold  Load  path  and  L  ^  2b  Load  Path>  respectively.  Since  the 

loss  in  WGS2  is  considerably  higher  than  in  WGS1,  in  the  X-band  channels,  the 
temperature  of  WGS2  will  be  associated  with  Lgl  2a  and  Lsl  2b’ 

Referring  to  Figure  E-l,  at  point  1, 


Ts2  +  <Thl  "  Ts2>  L^‘b  •  deSrces  K 


Tc2a  Ts2  *  (Tcl  '  Ts2*  )’ 


sl,  2a 


,  degrees  K 


To  obtain  T  ,  and  Tc2,  an  inverted  form  of  equation  (6)  must  be  used,  with  T^^ 
and  Tc2a  representing  TQUt.  Solving  for  Ta  in  equation  (G), 

T  .  -  T  (1  -  “  ) 

_  out  o'  L  ' 

T  = - : - 

a  1 


1_ 

L 


or 


(10) 


Ta  =  L<Tout  “  T0>  +  To  -  degrees  X 
At  point  2,  we  obtain  from  equations  (8)  and  (10), 

Tclb  =  Lsl  t  Ts2  +  <Thl  "  Ts2)  XT7T  "  Tsl  1  +  Tsl  ,  degrees  K  (11) 

Si  »  JLu 

At  point  3,  we  obtain  from  equations  (10)  and  (11), 


or 


Tcl  = 


Lcl 


L«  (  hi  [TS2  +  <Thl  -  V  -  Tsl )  ♦  Tsl  -  Ta  ]  ♦  Ta 

Lsl 

La  tLs:  ^2  -  TS1>  +  Uhl  -  Ts£)  f  Tsl  -  Ta  ]  *  Ta  -  <12> 

degrees  K 


Similarly,  at  point  2  we  obtain  from  equt.  Lions  (9)  and  (10), 

Tc2b  =  Lsl  l  Ts2  +  (Tcl  '  Ts2)  ~  TS1  1  +  TS1  ’  deSrees  X  (13  . 

At  point  3,  we  obtain  from  equations  (13)  and  (10) , 


Tc2  =  h  (  Ll  !Ts2  *  <Tcl  -  Ts2> 


2a 


-  Tsl  ]  *  T 


-  T 
si  a 


+  T. 


or 


Tc2  =  LafVUs2-Tsl)  + 


"si 


degrees  K 


"si,  2a 


(Tcl  -  Ts2>  +  Tsl  -  Ta  1  +  Tn  •  <U) 


si 


Equations  (12)  and  (14)  are  required  for  calculation  of  radiometer  calibration 
temperatures,  Tcj  and  TC2,  referred  to  the  antenna  feed  input.  These  quantities 
are  used  in  equation  (5)  to  determine  radiometer  temperature  sensitivity. 


The  conversion  of  radiometer  output  voltages,  E„,  to  apparent  temperatures, 

tl 

T  ,  at  the  antenna  feed  horn  is  accomplished  by  means  of  an  inverted  form  of 
equation  (2). 


Thus, 

Ta  =  Tc2  “  k(Ec2  ~  Ea^’  degrees  X  (15) 

Note  that  Ec9  rathar  than  Ec^  is  used  in  this  expression.  The  reason,  of 
course,  is  that  the  value  of  E^,  representing  the  Cold  Load,  is  closer  to  the 
value  of  E  .  This  optimizes  the  accuracy  of  the  conversion.  The  value  of  k  is 
determined  by  means  of  equation  (1).  Finally,  as  in  the  case  of  the  radiometer 
sensitivity  calculation,  approximately  ten  (10)  printouts  are  taken  for  E  j,  E^,.,. 

Er/  and  E.r  Tlie  mean  values  of  these  quantities  are  then  determined  prior  to 
insertion  in  equation  (15)  for  calculation  of  apparent  temperature  T  . 
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APPENDIX  F 


INFRARED  RADIOMETER  SUPPLEMENTARY  MEASUREMENTS 


An  Infrared  Radiometer  was  supplied  and  operated  by  personnel  from  NESC. 
This  was  a  Barnes  PRT-5  radiometer  which  had  a  spectral  response  from  8  to  16 
micrometers. 

The  sea  surface  temperatures  as  measured  by  the  PRT-5  were  corrected  for 
specular  reflectance  of  the  sky  background  and  the  resulting  temperatures  are 
plotted  in  Figures  F-l  through  F-8. 
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RCA  Astro-Electronics  conducted  a  field  experiment  to  verify  a  theoretical  approach 
toward  remote  sensing  of  sea  surface  temperature  using  passive  microwave  radiation. 

There  is  a  correspondence  between  the  radiometric  temperature  of  the  sea  and  its 
thermometric  temperature.  This  correspondence  is  influenced  by  the  horizontal  and 
vertical  emissivxty,  the  incidence  angle  at  which  the  radiometric  measurement  is  being 
made,  contaminants  on  the  water  surface,  and  by  the  sea  surface  roughness. 

The  experiment  addressed  itself  to  two  basic  questions:  1)  Can  one  measure  the 
vertically  and/or  horizontally  polarized  microwave  radiometric  emissions  from  the  sea 
water  and  obtain  an  accurate  measure  of  the  thermometric  temperature?  2)  Can  one  also 
make  a  determination  of  sea  state  from  such  measurements? 

The  radiometric  measurements  were  made  from  North  Island  of  the  Chesapeake  Bay 
Bridge  and  Tunnel  District.  -  The  Chesapeake  Bay  Bridge-Tunnel  links  the  city  of  Norfolk 
and  Cape  Charles,  Virginia,  across  17.6  miles  of  water.  North  Island  is  at  the  northerr 
end  of  the  Thimble  Shoal  Channel  Tunnel.  The  bulk  of  the  microwave  measurements  were 

made  at  a  frequency  of  16.5  GHz. (.The  following  conclusions  are  drawn  from  an  analysis 
of  the  data:  1)  There  is  a  correlation  between  the  thermometric  temperature  and  the 
vertically  polarized  microwave  radiometric  temperature,  2)  There  was  no  observed  correlr 
tion  of  the  thermometric  temperature  with  the  horizontally  polarized  microwave  radio- 
metric  temperature,  3)  While  theoretical  considerations  strongly  indicate  that  the  hori¬ 
zontally  polarized  microwave  radiometric  temperatures  should  have  a  strong  dependance 
on  sea  state,  no  definitive  trends  were  found  in  the  measured  data. 
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